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Book VI 


Appendices and Indices 
Figures and Plates 




A. Chronological Concepts 


In astronomy, ire are concerned, not with 
defining rime, hat only with measuring it. 

Explan. Suppl. A.E.. p. 6S 


§ 1. Years and Julian Days 

The most essential requirement Tor any measuring unit is its constancy. In 
historical chronology, however, this condition is satisfied only in three cases: 
by the Egyptian years of 365 days, by the days themselves, counted consecutively 
as “Julian days” beginning with day 0= —4712 Jan. I. and finally by the seven- 
day week. 

The Egyptian years, although not invented for astronomical purposes, were 
the favoured time unit for the astronomers of antiquity and the Middle Ages, 
down to Copernicus and beyond. 1 and long after the replacement in the civil 
calendar of Egypt by Julian ("Alexandrian") years near the beginning of our era. 
Only in the Persian calendar (Sasanian and Era Yazdegerd) did the Egyptian 
“wandering" year find public use once more. 2 

The julian days, on the contrary, are a deliberately constructed technical 
device, introduced by Joseph Justus Scaliger of Leyden in his famous work 
"De emendatione temporum" (Paris 1583). 3 The sequence of the days in the 
planetary week, which was never disturbed, is often helpful to distinguish between 
close chronological alternatives in the dating or documents. 

For modern historical purposes the “julian year" is used in dates before the 
17th century, conventionally counted as .years of the Christian era. beginning 
with A.D. 1 Jan. 1. All julian years are 365 days long unless their number is 
divisible by 4, in which case they contain 366 days, a 29th day added to February. 
All these conventions are, of course, of modem origin, made for easy reference 
but do not necessarily agree with the actual nonn used in ancient or mediaeval 
documents which might, e.g.. reckon with julian years not beginning on January 1, 
or place the intercalary day not at the end of February. 

Years before A.D. 1 are conventionally counted as years 1, 2,... B.C. Consist¬ 
ent arithmetical procedure requires, of course, the use of zero and negative 

i ••■•••• 

1 Cf„ e.g.. Huygens at the end of the 17th century (CEuvres Completes 21. p. 150 or p. 626 et passim). 

2 Cf. Christensen. Hdb., p, 295 or L'lran. p. 163ft. 

3 In the edition of 1629: p. 359 ff. For a biography of Scaliger cf. Bernays, Seal. 
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VI A 1. Julian Days 


numbers. 4 Hence 

year (u + 1) B.C. = —n, year n A.D. = +n. 

Under Pope Gregory XIII the “gregorian years ” were introduced changing 
the calendar dates such that 


1582 Oct. 5 juL —1582 Oct. 15 greg. 


Otherwise the gregorian years agree with the julian years except for the years 
which are congruent 100, 200, or 300 modulo 400. These years are ordinary years 
in the gregorian style instead of leap-years as in the julian calendar. Gregorian 
years appear in the astronomical literature as early as in Kepler's writings 5 
whereas their general acceptance was much delayed for political reasons. 6 

Since Scaliger’s choice for the zero point of the julian days is connected with 
three other important chronological concepts, we shall now describe the procedure 
which leads to n 0 = —4712 as epoch year for the julian days. 

Let n be a positive integer, representing the julian year n according to the 
ordinary-' historical reckoning of the Christian era. We then have to define three 
cycles: (a) indictio, (b) solar cycle, (c) golden number. 

T'hs " iiidictio" refers to 3 15~y esr cycle (introduced by C? on stun tins for purposes 
of taxation) beginning with A.D. 313 as indictio l. 7 Since 313s—2 (mod. 15) 
we have not only ind. (313)= 1 but also 

ind.( — 2) = 1. 

Hence we have the rule for finding the indictio of a year n: 

If n = fl (mod. 15) with — 25=asl2 then ind.(/i) = u + 3. (1) 


The “solar cycle ” is a 28-year cycle. Since the number of days 

in 1 ordinary julian year is 365 s 1 (mod. 7) 
in 1 leap-year 366 = 2 (mod. 7) 

we find for 4 consecutive julian years 


3-365 + 366 = 5 (mod. 7). 

Thus the number of days in 7-4 = 28 years constitutes the smallest cycle in which 
both weekdays and calendar dates repeat. We now define: a leap-year (thus 
n = 0 mod. 4) for which Jan. 1 = Monday has the solar cycle l. 8 Such a year was, 
e.g., the year A.D. 1560. Since 1568 = 56-28 we see that also 
__ circ. sol. ( — 8)= 1. ‘ 

4 The year 0 was introduced by Jacques Cassini in his “Tables astronomiques...” (Paris 1740). 
Explication .... Chap. III. p, 5; cf. also Tables .... p. JO, p. 22, p. 63, etc. In his "Elemens d'Astronomie” 
of the same year one still finds (p. 214) an ambiguous terminology: “... I’annee 146 avant l'epoque de 
Jesus-Christ dans la forme Julienne, el de 1’annee 145 avant Jesus-Christ. suivant notre maniere de 
compter. (Voyez les Tables Astronomiques.)” 

5 Cf., e.g.. the double-dates in Kepler. Werke 3, p. 146, 29 and 37 for observations made in 1600 and 
1602; also Brahe, Opera XIII, p. 246f. where he distinguishes between “stylo veterj” (in 1590) and 
"stylo novo” (in 1594). 

6 Cf.. e.g., Ginzel, Hdb. III. p. 266. 

7 Actually indictio 1 corresponds to the Alexandrian year 312/313 (which begins on Aug. 29 of A.D. 
312). For the present purpose, however, we identify julian years and years of indictio. 

8 For details cf. Ginzel, Hdb. Ill, p. 125. p. 127. 
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Consequently: 

If n = a (mod. 28) with -8ga^l9 then circ. sol. (n) = o + 9. (2) 

The “ golden number" (= numenis aureus) is defined by a 19-year cycle, intro¬ 
duced by Alexandre de Villedieu in his Massa Compoti (1200). As year 1 of this 
cycle may serve the year A.D. 532 which is the first year of an Easter cycle intro¬ 
duced by Dionysius Exiguus (and is simultaneously the point of departure for his 
reckoning of the Christian era which is still in use today 9 ). Since 532 = 0 (mod. 19) 
we have the rule 

If n = a (mod. 19) with Ogt/iS 18 then num. aur. (n) = a + 1. (3) 

Considering these three chronological concepts Scaliger required that the 
epoch year n 0 for his counting julian clays should satisfy 

ind. (fi 0 ) = circ. sol. (n 0 ) = mim. aur. (u 0 ) = 1. 

Consequently n 0 must be a solution of the diophantine equations 

—2 (mod. 15). )i 0 = — 8 (mod. 28), /i o =0(mod. 19). 

From these conditions one finds 10 that 

n 0 = -4712 (mod. 7980) 

where the modui 7980= 15 - 28 • 19 is called the "Julian period According to 
these definitions we know 1 that 

jul. day 0= —4712 Jan. 1 = Monday. . (4) 

In this way one also has established a very' simple rule for the determination 
of the weekday for any given dale as soon as its julian day number is knowm. 
Indeed it follows from (4) that we only need to know the residue vv modulo 7 of 
the julian day: then: 

w = 0: Monday <L w = 3: Thursday 2J. 

1: Tuesday d 4: Friday 9 

2: Wednesday $5 5: Saturday 1? 

6 : Sunday O 

The concept of “julian day” is particularly useful if one wishes to express a 
given date in different eras or calendars. .Since one know’s the number of days . 
which elapsed between different eras (e.g. between the Christian era beginning on 
Jan. 1 of A.D. 1 = jul. d. 1 721424 and the era Hijra beginning A.D. 622 June 15 = jul. 
d. 1948439) one can tabulate the julian days for the beginning of each year and 
each month in both calendars. The transformation of one calendar date into its 
equivalent in another system is then reduced to finding the same number in the 
corresponding table. Tables of this type are most conveniently arranged in 
R. Schram’s "Kalendariographische und chronologische Tafeln" (Leipzig 190S) 
w'here all technical details for the manifold use of such tables are explained. 11 


9 Ginzel. Hdb. III. p. 137. 

10 For the methods olsolving linear diophantine equations cl". below p. 11171T. 

11 For additional literature and for tables concerning special eras cf. below p. 1074f. 
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In the present work “ Julian days'' are always reckoned as "civil days," i.e. 
from midnight to midnight. Since it had been customary' in modem astronomy 
up to 1925 to reckon days from noon to noon the "astronomical Julian Day ” is 
still reckoned from noon to noon. Hence the astronomical J.D. begins 12 hours 
later than the "j.d." used here for historical purposes. 12 The historical norm of 
reckoning is necessary if one wishes to transform civil days of one calendar into 
civil days of another or for the determination of weekdays by the above given 
rules. 


§2. Special Calendars and Eras 

1. The Egyptian Calendar 

The “years” of ancient Egyptian history consisted of 12 months of 30 days 
each and 5 additional (“epagomenaT’) days at the end. 1 This “Egyptian year” 
of always 365 days length was modified by Augustus to a year with a “julian” 
intercalation pattern by adding a sixth epagomenal day every fourth year. This 
“ale.xandrian year" begins three times with August 29. then once, after a leap 
year, with August 30. The first deviation of the ale.xandrian from the Egyptian 
year occurs in the year —21: 

— 21 Aug. 29 = Eg. Thoth 1 =alex. epag. 6 (1) 

hence 

— 21 Aug. 30 = alex. Thoth 1 = Eg. Thoth 2. 

This implies that alexandrian years ending in August of a year n (julian) are 
intercalary if n satisfies the condition 

use 3 mod. 4. (2) 

Then Aug. 29 year n = epag. 6 and alex. Thoth 1 = Aug. 30. 

It is a fortunate accident that the Diocletian era, using the alexandrian calendar, 
follows the same pattern, i.e., the Diocletian year n is a leap year if n satisfies (2). 
Hence, e.g., 

A.D. 287 Aug. 30 = Diocl. 4 Thoth 1 (alex). 

The Greeks and the Romans used the same names both for the months of the 
Egyptian and of the alexandrian years. It seems plausible to assume that eventually 
the latter type of years prevailed though it is often impossible to decide in economic 
and private documents which form of the calendar was used. In astronomical 
and astrological texts, however, this assumption cannot be made a priori and 
only agreement or disagreement with lunar, solar, and planetary positions can 
lead to a decision. 

2. The Seleucid Calendar 

The Seleucid calendar in the form which is well known to us from the cuneiform 
documents of the last centuries B.C. is built on a 19-year cycle of 12 ordinary 

12 Cf. below p. 1068. 

1 Cf. above p. 560. 
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years (which contain 12 lunar months) and 7 intercalary years of 13 lunar months. 
The first month of every year is Nisan. always kept near to the vernal equinox. 
Six of the intercalary years add a second 12th month (Adar); one intercalation, 
however, is made near the autumn equinox by adding a second 6th month (Tishri). 

The Seleucid calendar is not only the first to use the 19-year cycle, the proto¬ 
type of many similar later arrangements, e.g., the Easter computations, but it is 
also the earliest case of a civil era. called by us the Seleucid Era. because it continues 
to count the regnal years of Seleucus I after his death. With the help of the Seleucid 
era (abbreviated: S.E.) it is easy to define the position of the intercalary years: 
a second twelfth month (XII 2 ) is given to the years 

S.E. 1 4 7 9 12 15 


and a second sixth month (VI,) to S.E. 18. All subsequent intercalations are 
obtainable from this initial set by adding multiples of 19. 

The relation of the Seleucid era to the Christian era is given by the equation 

S.E. 0= —311/—310. 

Consequently, if k — n — 31 1, then 

S.E. (a) — 311 =year k/k -f 1, 


e.g.. S.E. 200 = -111/-110 and S.E. 400 = A.D. 89/90. 

When the Parthians took over the rule of Mesopotamia they introduced aii 
era of their own, called Arsacid Era (abbreviated: A.E.). Its calendar, however, 
remained identical with the Seleucid calendar, except for the constant difference 
of 64 years between the initial dates: 


Thus, if k = n —64. then 
Furthermore: if k = /i — 247 


A.E. 0 = S.E. 64. 


S.E. (n) — 64 = A.E. (k). 


A.E. (a) — 247 = year k/k 4 1, 

e.g.. S.E. 200 = A.E. 136= - 111/- 110 and S.E. 400 = A.E. 336 = A.D. 89/90. 

While the Seleucid era in Mesopotamia began the year with Nisan. following 
Babylonian tradition, the western part of the Seleucid empire, which remained 
under Greek domination after the loss of the eastern parts to the Parthians, 
adopted a beginning of the year with the month Tishri, the seventh month of the 
Mesopotamian calendar. The years of this western Seleucid era precede the years 
of the eastern norm by half a year. 


3. Synopsis of Eras 

The following table gives a list of some of the most commonly used eras and 
their epoch dates. Such a list cannot be exhaustive nor take local variation into 
consideration. For all questions of details monographs must be consulted (cf. for 
literature below, p. 1074). 
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year 1 of 

day 1 

julian date 

julian day 

form of year 5 

Byzantine World Era 

Sept. 1 

— 5507 Sept. 1 

9709870 

julian 

Kaliyuga 

Chaitra 1 

-3101 Febr. 18 

588466 

(solar years) 

Nabonassar 

eg. Thoth 1 

— 746 Febr. 26 

1448 638 

ecyptian 

Philip 

eg. Thoth 1 

-323 Nov. 12 

1603398 

egyptian 

Seleucid West* 

Tishri 1 

-311 Oct. 1 

1607739 

(luni-solar) 

Seleucid East 

Nisan 1 

-310 Apr. 3 

1607923 

(luni-solar) 

Spanish Era 1 2 

Jan. 1 

-37 Jan. 1 

1707544 

julian 

Augustus 

alex. Thoth 1 3 

-29 Aue. 30 

1710707 

alexandrian 

Incarnation 

Dec. 25 

0 Dec. 25 

1721417 

julian 

Christian Era 

Jan. 1 

1 Jan. 1 

1721424 

julian 

Diocletian 

alex. Thoth 1 

284 Aug. 29 

1825030 

alexandrian 

Hijra 

Muharram 1 

622 July 15 4 5 

1948439 

(lunar) 

Yazdegerd 

Farwardin 1 

632 June 16 

1952063 

(egyptian) 

Alfonso X 

June I 

1252 June 1 

2178503 

julian 


In Monumenta 13,3, p. 368 9 Usener gave a synchronistic table for the eras 
Nabonassar, Philip, Augustus, and Diocletian until A.D. 644. 


4. The “Era Dionysius” 

The Almagest is our only source for an era kx m Aioyvgiov which is based on 
a calendar that denotes the months by the zodiacal signs of the corresponding 
solar travel. 

This peculiar era and calendar is mentioned in the Almagest in connection 
with observations of planetary positions, eight in all. Since Ptolemy gives its 
equivalent in the era Nabonassar and the Egyptian calendar it is easy to determine 
the Julian dates as follows: 


No. 

Dionysius 

julian dale 

Almagest 

year 

month 
and day 

1 

13 

to 25 

-271 Jan. 18 

X, 9 Heib. II 

352,5 

2 

21 

m-22 

-264 Nov. 15 

IX. 10 

288,9 

3 

21 

m ,26 

— 264 Nov. 19 

- IX, 10 

289.2 

4 

23 

=29 

-261 Febr. 12 

IX, 7 

264,18 

5 

23 

V 4 

— 261 A pr. 25 

IX. 7 

265.9 

6 

24 

4728 

— 261 Aug. 23 

IX. 7 

267.3 

7 

28 

n 7 

-256 May 28 

IX. 7 

266.2 

8 

45 

np 10 

-240 Sept. 4 

XI. 3 

386.17 


1 Often called in Islamic works "Era of Alexander” or "Era or the Two-Horned." 

2 Also called "Era of Caesar.” 

3 = eg. Thoth 0 = epagomenal day 5. 

4 This is the norm used by astronomers: historians use July 16. Cf. Neugebauer. The Astronomical 
Tables of Al-Khwarizmi, Danske Vidensk. Selskab. Hist.-filos. Skrifter 4.2 (1962), p. 10. Fig. 1. 

5 ( ) indicate that a special discussion is required for an accurate definition. 
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The change of the Dionysian year number between No. 5 and No. 6 suggests the 
summer solstice as the starting point of the year. Indeed, if we assume that the 
month “Cancer” had 30 days we obtain, reckoning back from No. 6, for “year 
24 Cancer 1" the date -261 June 27 which agrees very well with the entry of the 
sun into Cancer (i.e. /. G = 90). 

Having established that much one finds that the year Dionysius 1 began at the 
summer solstice of the year -284. The first of Thoth which belongs to this year has 
as julian equivalent -284 Nov. 2. This Thoth 1 is also the beginning of the first 
regnal year of Ptolemy II Philadelphus. 1 Consequently the years of the Dionysian 
era agree for about 8 months each year with the regnal years of Philadelphus. 2 

All day numbers from the Dionysian calendar, quoted by Ptolemy, are single 
numbers, that is to say they are never of the type “from n to n + 1,” used commonly 
by Ptolemy. Consequently it is impossible to determine from what point of the 
day (e.g. sunrise or sunset) these dates are reckoned. 

Much speculation has been spent in attempts to reconstruct the complete 
Dionysian calendar, a rather valueless enterprise as long as we have no hope of 
checking these highly hypothetical constructions on additional material. 3 


§ 3. The Reckoning of Days 
1. Epoch 

it is not surprising to find an agricultural population, e.g. in Ancient Egypt, 
count their days from sunrise. If then a "morning epoch~ becomes the calendnric 
norm, even lunar months can be adapted to such a scheme by being reckoned 
from the last visibility of the moon. And fortunately the heliacal rising of a star 
(e.g. Sirius at the time of the beginning of the inundation) is also a morning 
phenomenon. 

If. however, a calendar becomes strictly lunar, the reckoning of the months 
from the first visibility of the moon seems most natural. Such a practice also 
induces an "evening epoch ” for the reckoning of the days. Such is the case in the 
Mesopotamian civilizations. 

Both morning and evening epoch are inconvenient for mathematical astrono¬ 
my. Not only is the length of daylight or night subject to seasonal variations but 
the moments of sunrise or sunset can be greatly influenced by the deviations of 
natural conditions from an ideal horizon. Consequently the development of a 
mathematical astronomy leads to a better defined and more convenient reckoning 
of days by introducing either a midnight or a noon epoch. 


1 Cf.. e.g., Skeat. Ptolemies, p. 10. 

: This has been interpreted as an act of flatten' and a whole string of totally unfounded "conclusions'' 
were derived from it (e.g. an embassy of this Dionysius to India!). In fact the Dionysian years are neither 
called after the king nor are they identical with his regnal years — not to mention the rapidly increasing 
discrepancy between the years of the Egyptian civil calendar and astronomically defined solar years. 

3 It may suffice to quote Ideler. Astron. Beob. (1806). p. 260-274 and Bockh. Sonnenkr. (1863). 
p.286-340. Borchardt. Zeitm. (1938). p. 8-11 ignored these predecessors but increased the list of 
unprovable hypotheses by adding lunar dates to the chaos. 
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Both norms require the determination of the local meridian, which is easily 
found, e.g., by the observation of shadow lengths. The midnight epoch is used in 
the Babylonian lunar theory of “System B,” 1 the noon epoch is the consistent 
norm in the Almagest and in modern astronomy until 1925. 

Modem astronomy adhered so long to the Ptolemaic tradition because all 
observations made in the same night carried the same date. For historical studies, 
however, the deviation from the generally accepted modem midnight epoch of the 
civil calendar is of great inconvenience; it is therefore rather unfortunate that 
Ginzel based his tables on the astronomical noon epoch (meridian of Greenwich). 
Fig. 1 illustrates 2 the relation between this astronomical noon epoch, valid until 
the end of 1924, and the norm of the civil calendar and of astronomical tables 
after 1924. 

Ptolemy did not use the argument of non-changing dates for nightly observa¬ 
tions. On the contrary: since the Egyptian-hellenistic calendar used morning epoch 
the whole night belongs to the preceding daytime. Ptolemy, however, operates 
with noon epoch, extending his day to noon of the next calendar date. Thus almost 
all his observations carry double dates in the form “day n to n + 1.” 

In reducing Ptolemy's dates to julian dates (using midnight epoch) one has to 
be careful with respect to hours before or after midnight. This can be best illustrated 
by an example. Fig. 2a concerns an observation of Mercury as evening star, i.e. 
a moment shortly after sunset. 3 Ptolemy gives the date as “from the 5th to the 6th 
of Pnarmouthi” because his day begins in the 5th and ends in the 6th of the civil 
calendar. For us an event in the first half of the night belongs to the civil day which 
overlaps 3/4 of the Egyptian civil date: in our example —256 May 28= julian day 
1627 702. Fig. 2b illustrates the case of an observation of Mercury ns morning 
star, 4 thus an event in the second half of the night, called by Ptolemy “Thoth 27 
to 28” but belonging to the civil date Thoth 27. The modem equivalent, however, 
is the date that corresponds in modem tables to Thoth 28 because the second half 
of the night is always counted with the following 3/4 of a civil day. Disregard for 
the differences in epoch have caused many errors in the modem literature. Equiv¬ 
alents of modem and ancient dates should therefore never be accepted without 
careful checking. 

This is not the place to discuss the enormous variety' of calendaric rules for 
different localities and in different periods. Only as a warning may be added the 
remark that non-astronomical documents from hellenistic Egypt also contain 
double-dates of the form "night of/t to n+ 1,” unrelated to Ptolemy’s terminology. 5 

Crude errors in chronological matters are not a'prerogative of modem litera¬ 
ture. Also ancient popularizing works simplify the actual complexity of calendaric 
institutions and resort to free inventions (e.g. of a Babylonian morning epoch) 
when they do not know better. Much confusion has been inherited in this way by 
modem scholarship. The investigation of astronomical documents, e.g. of ephem- 
erides or of eclipse computations, is the by far safest method of establishing the 


1 Above p. 492 and p. 496. 

2 Here, as always in this work, the heavily drawn sections of the time axis represent night time. 

3 Almagest IX, 7 (Heiberg II. p. 266. 2). 

“ Almagest IX. 7 (Heiberg II. p. 268,1). 

5 Of. Neugebauer-Van Hoesen. Gr. Hor.. p. 167IT. 
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underlying norm for the reckoning of days. For example the use of a morning 
epoch in Byzantium, at least from the 11th to the 14th century, can be securely 
deduced from astronomical texts. 6 

2. Hours and Other Divisions 

It is customary to call “seasonal hours'' the subdivisions of daylight or night¬ 
time in 12 equal parts, respectively. Only at the equinoxes are these hours of 
daytime and night of the same length: hence the hours used today, which are 
1 /'24th of the solar day are also called “equinoctial hours.'' 

The seasonal hours must have been originally of very uneven length within 
each day as is evident from the primitive schemes for their determination by 
shadow lengths, or by water clocks, or by observations of stars. Only by a proper 
understanding of the solar motion with respect to a given horizon and to the 
equator could one construct theoretically correct sun dials and thus measure time 
intervals of equal length. The existence of a spherical astronomy is a prerequisite 
for a reasonably accurate division of time. 

Quite independent of the problem of actual time measurement is the definition 
of convenient units of time in mathematical astronomy. If, e.g., the “day” is 
defined by the solar motion from noon to noon this interval can be subdivided 
sexagesimal!}' and related to the corresponding motions of the celestial bodies 
without any need for a direct measurement of these smaller units. The use of mean 
values for the motion of celestial bodies lends itself to the definition of units of 
constant length which is all that is required for the independent variable in 
mathematical astronomy. This does not imply, however, the existence of instru¬ 
ments or observations designed to reproduce these units. Such is clearly the 
situation which prevailed in the astronomy of Mesopotamia in the Persian- 
hellenistic period. 

The trend toward a purely mathematical form of definition of units of time is 
particularly recognizable in another creation of late Babylonian astronomy, the 
“lunar days" or “tithis." Since the Babylonian calendar was based on real lunar 
months which form a very irregular sequence of full (30 days) and hollow (29 days) 
months the concept of calendar month was very' inconvenient for the computation 
of ephemerides. Thus one introduced “lunar months” of a fixed length, satisfying 
a relation of the type k months = n days, empirically found from a large number of 
actual months. These “mean synodic months” were subdivided for arithmetical 
convenience in 30 equal parts, each of which is a little shorter than one solar day. 
We call these units “lunar days” or “tithis,” the latter term being taken from the 
Sanscrit name of these lunar days which play an important role in Indian astron¬ 
omy. In this way the Babylonian astronomers had at their disposal an exactly 
defined and convenient computational unit, fractions of which could be identified 
wfith the same fraction of a solar day without committing a serious error. But no 
instrument or clock would show tithis or indicate their constantly shifting be¬ 
ginnings within a civil day. 

6 Suggested by Mentz [190S]. p. 475: confirmed, e.g.. by Marc. gr. 325 Ibl. 15 v . 21 or Par. gr. 2425 
fal.269'. 22. Also Nicephoros Gregoras. Hist. Byz. IX. 12 (Corpus Script. Hist. Byz.. Vol. I. p.455. 1). 
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Neither from Babylonian nor from Greek astronomy do we have a definite 
value for the length of the tithi in relation to the day. Obviously this length depends 
on the norm one accepts for the mean synodic month; nevertheless, the range of 
these variants is very' limited and for practical purposes it will suffice to assume 
for the mean synodic month the commonly used value 29;31,50,8,20 d . Consequently 

1 1 = 0;59.3,40.16.40 d 

can be used unless some other information is available. The equivalent inverse 
relation is 

l d = 1:0.57,13. ... r . 


3. Astronomical Time Units 

“ Universal Time ” is derived from what is called “solar time” which underlies 
the familiar civil time reckoning. For an accurate definition it has to be related to 
“sidereal time” which is amenable to direct observation by star transits. Transits 
depend on the actual rotation of the earth; thus fluctuations in the latter affect 
the former. Because these fluctuations are irregular, and hence neither predictable 
nor accurately known, a strictly uniform parameter had to be introduced, known 
as “ Ephemeris Time." This is the independent variable in the dynamical equa¬ 
tions of the planetary motions and therefore by definition uniform. The practical 
units of ephemeris time (E.T.) have been chosen conveniently to agree as nearly 
as possible with universal time (U.T.) during the 19th century. 1 For antiquity, 
however, AT = E.T. — U.T. reaches an appreciable amount, e.g. for — 500 about 4 h . 
Hence a lunar position computed for E.T. can be about 2° ahead of the position 
obtained for the moment denoted by the same time units reckoned in U.T. For 
details cf. Clemence [1965]. p. 96 ff. or the Explan. Suppl. A.E., p. 66-82. In 1967 
ephemeris time was replaced by a new definition of uniform time in terms of atomic 
constants (cf. Trans, of the Intern. Astron. Union. Vol. 13B, p.40/41 and p. 182; 
also Clemence [1971]). 

It has already been mentioned 2 that before 1925 Jan. 1 days were reckoned in 
astronomy from noon to noon, such that the civil day n begins at midnight 12 hours 
earlier than the astronomical day n (cf. Fig. 1, p. 1433). 3 This change of definition 
must be kept in mind when reading older literature: on the other hand Oppolzer’s 
Canon der Finsternisse (1887) reckons time in “Weltzeit,” i.e. in Greenwich civil 
time w'hich is practically equivalent to Universal Time. 


1 The number of “ephemeris seconds” in the tropical year 1900 is the same as the number of seconds 
in universal time. In this way the variable length of the tropical year is measured in units of the 
year 1900. 

* Above p. 1064; p. 1068. 

3 Consequently the "astronomical julian day” {cf above p. 1064) is more accurately to be defined as 
"Julian Ephemeris Day” (J.E.D.). since it is used in connection with Ephemeris Time: cf. Explan. 
Suppl. A.E.. p. 71. 
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§ 4. The Foundations of Historical Chronology 

In the preface of his "Chronology" E. J. Bickerman writes: “we say that 
Caesar was assassinated on 15 March 44 BC. How do we know it? To answer this 
kind of question, we have to understand the calendar systems used by the ancients 
and their time reckoning." But a little probing will make it evident that it cannot 
suffice for establishing the fact implicit in the above made statement, that the 
date in question precedes by 709595 days Jan. 1 (gregorian) 1900 to possess a list 
of the Roman consuls and to know that the Ides of March correspond to (julian) 
March 15. Indeed, historical chronology rests on an interplay of theoretical 
astronomy and historical conditions, far more intricate than professional historians 
usually realize — to the great detriment of their insight into the very foundations 
of their field. 

The first and foremost requirement for the establishment of an “absolute 
chronology" (i.e., a chronology which is based on astronomically fixed dates in 
contrast to a “relative chronology" which tells us only the length of certain inter¬ 
vals. e.g.. the total of regnal years in a dynasty) is a reasonably accurate theory of 
eclipses. To develop such a theory one must have a sufficiently accurate under¬ 
standing of the motion of the moon, that in turn can only be obtained from the 
analysis of a long sequence of dates of syzygies and observed eclipses. For this an 
undisturbed and precisely known local calendar is a necessary prerequisite.,Such 
conditions were satisfied in Mesopotamia through the archives of the Late- 
Assyrian and Neo-Babylonian kings, archives maintained through the Persian 
and Greek period. Conversely the increasing understanding of the motion of the 
moon made the lunar calendar amenable to calculation, eventually leading to 
systematically regulated calendaric intercalations as well as to a cyclic theory of 
eclipses. 

Hence, by the beginning of the Greek rule over Mesopotamia existed a lunar 
theory, based on excellent parameters which were only slightly refined when 
Ptolemy put the whole theory' on a new cinematic foundation. For chronology 
this means that an accurately known astronomical system had established a 
sequence of fixed points, distributed over some 900 years and dated in a uniform 
(the Egyptian) calendar, directly controllable by modern computations. 

The data from the Almagest provide the backbone for all modern chronology 
of antiquity. Copernicus. Scaliger, Kepler, and Newton had at their disposal 
Ptolemaic dates, accurate enough to establish within limits of less than one day 
their own distance from any of Ptolemy’s eclipses or related data. The uninter¬ 
rupted use of the Egyptian calendar made it possible to express these intervals 
in a precisely known form as “years," “months," and days. At the same time the 
increase in distance permitted new improvements in the basic elements and the 
recognition of slow systematic deviations. 

Long before the 16th century' a similar process had taken place at least twice. 
The ancient tradition was continued unbroken into the Byzantine period which 
kept the conventional astronomical list of rulers up to date, though now usually 
based on Alexandrian (i.e. "julian") years. Tfye use of some arbitrary (i.e. theologi¬ 
cally motivated) “era of the world” stabilized also the relative chronology. Thus 
one now had an astronomically secure “royal canon" based on the Babylonian- 
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Ptolemaic canon of the Era Nabonassar, eventually extended until the 15th 
century. 

Once again the Ptolemaic chronology had to serve as the foundation for a 
new chronological structure in the 9th century in Islamic astronomy. It is again 
the comparison with the data of the Almagest (or the equivalent “Handy Tables”) 
which established the dates within the era of the Hijra. Fortunately again a pre¬ 
cisely regulated calendar allows an exact coordination with “julian” dates, e.g. 
in Byzantine documents. Hence Byzantium and the Muslim world between Spain 
and India operated with chronological systems that are directly connected with 
astronomically secure data. 

This is the foundation upon which rests the specific work of the modern 
historian. The chronology of the european Middle Ages would be chaos were it 
not for the contact with the Byzantine and Islamic dates. Of course, there are 
always additional astronomical events recorded which allow independent checks 
of certain documents or local annals. Ginzel’s investigations of eclipses ([1882], 
[1883], [1884]) demonstrate how much can be gained in this way, both historically 
and astronomically. It is, however, only at this level that the problem of local 
calendars and time reckonings enters the picture. As we said before, the astrono¬ 
mical calendars and eras are rarely used in specific documents. Hence one must 
find the transition from the astronomical fixed points to the variety of local usages 
in contemporary documents, annals, and historical narrative. The complexity of 
mediaeval chronological habits. Iiturgically influenced and based on antiquated 
cyclical computations, easily obscures their dependence on the exact data from 
ancient astronomy. In principle one still has to operate as Ptolemy did in the 
Almagest when he identified a local date by its equivalent in the Egyptian calendar 
and the Era Nabonassar. 

What we have discussed so far would concern the absolute chronology from, 
say, -800 to +1500. That modern historical research was able to extend this 
interval back to nearly —3000 within reasonable limits of safety (i.e. no longer 
with an accuracy of a single day but at least within a few decades) is due only to 
the lucky accident of the undisturbed reliability of the Egyptian calendar whose 
uniformly slow rotation, like the hand of a clock, fixes (within narrow limits) the 
julian date by its passing by the fixed point of the heliacal rising of Sirius. The 
existence of Egyptian king lists in combination with a great wealth of archaeologi¬ 
cal evidence thus made it possible to establish a reasonably secure chronology 
back to about 3000 B.C. Documentary evidence and archaeological evidence 
relating Egypt to its nearer and more distant neighbours in Syria and Mesopo¬ 
tamia then provided the substructure for the Near-Eastern chronologies. The total 
lack of observational data from ancient Egypt — not a single eclipse record is 
extant — make a refinement of the Sirius-based chronology impossible and the 
Near-Eastern situation before about -800 is not much better; the famous Venus 
tablets of Ammizaduqa of the “first Babylonian dynasty” are not much help in 
themselves. Hence it is in fact only the consistency 7 of the Egyptian calendar that 
made an extension over tw 7 o millenia feasible. 

The modern reader will perhaps say that radio-carbon dating should have 
made these purely chronological methods obsolete. In fact the opposite is the case: 
it is essentially on the basis of the well established Egyptian chronology that the 
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radio-carbon method obtains its standards. It is only in areas where none, or only 
extremely loose, astronomical data are available that radio-carbon dates can 
supplement the classical methods of chronology. As soon as real astronomical 
data become available, e.g. from a simple horoscope or from an eclipse or occulta- 
tion. the date can be established within a day or even hours, a precision never 
obtainable from radiation measurements. 

The chronology of ancient and mediaeval India is connected with the Near- 
East ever since the Persian-Hellenistic period. The pre-Arian “Indus-civilization” 
is archaeologically related to Mesopotamia in the period around 2000 B.C., 
establishing at least some chronological estimate for early Indian antiquity. For 
the period between the Graeco-Roman contact with India and the Islamic 
conquest of the Punjab in the 11th century' A.D. one has the advantage of the 
consistent use of the Saka-Era in the Indian astronomical literature. Its first year 
begins in A.D. 78, as we know through the epoch constants in astronomical trea¬ 
tises as early as the 6th century, e.g. in the Panca-Siddhantika for S.E. 428, agreeing 
with A.D. 505. In these cases data from theoretical astronomy, ultimately derived 
from Greek as well as from Babylonian sources, take the place of observational 
records w'hich are totally lacking in India for the pre-lslamic period. 

All chronological data discussed so far are seen to rest in the final analysis on 
the Babylonian-Greek observations which can be directly controlled by modern 
astronomy. Entirely independent of these western sources is Chinese chronology 
which is based on annals within a strictly maintained 60-year cycle. In this way a 
secure chronology was established back to the 9th century B.C. while references 
to eclipses on the famous “oracle-bones” permitted the extension of dates into the 
middle of the second millenium. 1 The chronological parallelism in the cultural 
development of the Far-East and the West is a remarkable fact that should not 
be obscured by attempts to construct contacts where there are clearly none. 2 

We mentioned before that the systematic analysis of observational records 
led the Babylonian astronomers to devise computational methods accurate 
enough to make it possible for the Greeks to connect their observational data with 
these older data and thus to improve on the accuracy of the basic parameters. The 
same process continued through the Islamic period until Ulugh Beg in the 15th 
century, to be taken up again most successfully in the European Renaissance. It 
is still going on today. The creation of a celestial mechanics has made it possible 
to distinguish clearly between effects within the planetary system and variations 
of conditions of terrestrial origin. Now securely established chronological data 
of ancient observations can provide the basis for the checking of long-range 
extrapolations for effects only recently recognized as existing. The great wealth 
of observational records assembled in Babylonia during the last three or four 
centuries B.C. will be a test case for modem parameters similar to the Ptolemaic 
data for an earlier phase of modern astronomy. 

In conclusion one may say that chronology is not only the backbone for the 
writing of history but that chronological facts belong to the very few elements of 
history which can be established objectively. 

1 For a summary and references cf. e.g.. Needham SCC I, Sec. 5 (p 73-99). 

■ A favored topic is the lunar mansions which are again and again “discovered" in Babylonian 
sources. Needham SCC III. Sec. 20 is vitiated by these imaginary Babylonian associations. 
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§5. Literature 
1. Genera! 

For the conversion of a great variety of calendaric dates to julian for gregorian) 
dates, or of one type of dates directly into another (without an intermediary 
julian dale) the most convenient work is 

R. Schram “Kalendariographische und chronologische Tafeln" (Leipzig 1908). 

The basis of all its procedures is the tabulation of julian days 1 which are the 
equivalents of characteristic dates in each individual calendar (e.g. the zero-day 
of each month). Schram’s tables contain complete instructions for their use and 
thus represent a self-sufficient too! for the solution of calendaric transformations. 

Nevertheless for the understanding of the historical background of the calen¬ 
daric concepts of different nations and different periods a work like 

F. K. Ginzel "Handbuch der mathematischen und technischen Chronologie” 
(3 vols., Leipzig 1906-1914 2 ) 

is indispensable. This is a work of outstanding scholarship 3 and should be studied 
by every historian. Ginzel’s “Handbuch” is actually a vastly revised version of an 
earlier brilliant chronological study, namely Ideler’s “Handbuch” in two volumes 
(1825/6). 4 It is now much too antiquated to be used without great caution but it 
contains many references to ancient and mediaeval (also Islamic) sources which are 
discussed nowhere else. 

An excellent guide to the practice of chronological computations, including 
planetary' positions, eclipses, stellar phases, etc. with a very useful survey of 
modern chronological tables is found in 

P. V. Neugebauer 5 “Astronomische Chronologie” (Vol. I, Berlin 1929). 

To it belong, for actual computations, the “Tafeln zur astronomischen Chrono¬ 
logie” (in 3 vols., Berlin 1912-1922. with supplements in Astr. Chron., vol. II, 
Berlin 1929), 6 and the same authors “Hilfstafeln zur astronomischen Chronologie” 
A.N. 261 (1936/7). 

Finally al-BTrQni's monumental work “Vestiges of the Past.” should be 
mentioned, written in A.D. 1000 and available in an English translation by 
C. E. Sachau under the title "Chronology of Ancient Nations” (London 1879). 
The colossal amount of historical and chronological material assembled and 
discussed by al-BirOni is an inexhaustible source for the study of mediaeval 
oriental chronology. 

There exist of course, many specialized chronological tables, e.g. for the 
direct conversion of Islamic to julian dates the “Vergleichungs-Tabellen” of 
Wiistenfeld-Mahler (1854-1887), now in an enlarged version by Spuler and Mayr 

1 Cf. above p. 1063. 

: Reprinted 1960. 

3 Or course certain sections are antiquated, e.g. on Egyptian and Babylonian data. 

4 An abridged version appeared in 1 S31 as "Lehrbuch der Chronologie.’’ 

5 No relative of the present author. 

6 For simplified planetary tables of the same author cf. P. V. Neugebauer [1932], 
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(1961) which also includes the Persian calendar and conversion tables for several 
oriental eras (Byzantine, Seleucid. Alexandrian-Ethiopic). 

W. Kubitschek “Grundriss der antiken Zeitrechnung" (in the Handbuch der 
Altertumswissenschafl. 1928) is a rather mediocre compilation. V. Grume! “La 
chronologie” (in the Bibliotheque Byzantine, Paris 1958) contains an enormous 
mass of information on mediaeval chronology, including Islamic and other oriental 
material. Unfortunately the work is badly organized, overburdened with theoret¬ 
ical speculations and difficult to use because of the lack of indices. Bickerman. 
Chronology of the Ancient World (1968) contains a great wealth of references to 
the more recent chronological literature but is again not easy to use by a not 
already well informed-reader. Samuel, Greek and Roman Chronology, is the 
latest handbook (1972) on the subject. 


2. Chronological Tables 

All works mentioned in the preceding section contain tables needed for the 
most common chronological transformations (e.g. Roman calendar, era Hijra, 
etc.) and bibliographical references to more specialized tools and discussions. The 
sole purpose of the following list is therefore to provide the reader with® few 
titles of easily accessible works which he may find useful in connection with topics 
discussed in the present work. 

Babylon. Julian dates for the days of first visibility of the moon are given in 
Parker-Dubberstein. B.C. In principle these are the dates of day 1 of consecutive 
lunar months for Babylon. Since, however, these dates are obtained by computa¬ 
tion with uniform visibility conditions the actual days may occasionally differ 
from the computed dates by +1 day but such discrepancies cannot lead to accumu¬ 
lative errors. For the years from —625 onward the tables are arranged by regnal 
years until the Seleucid (and Arsacid) era takes over (to A.D. 76). For this latter 
half a list of Seleucid and Parthian rulers is given (p. 24). 

Egypt. The julian equivalents of Thoth 1 for the-Egyptian wandering years 
from —746 to +300 are given in Bickerman. Chron. Table IV. Otherwise use 
P. V. Neugebaucr, Hilfstafeln (No. 22, from Nabonassar 1 to A.D. 687). Alexan¬ 
drian dates are most easily determined with Schram, Tafeln (p. 107-157). 

Greek. In the study of Greek calendars one meets the paradoxical situation 
that the apparent abundance of sources — epigraphical, literary, historical — has 
proven to be far from sufficient to gain a clear picture of the working of Greek 
calendars before the Byzantine period. In fact it is certain that a reasonably secure 
control of the numerous Greek calendars will never be reached since it would 
require a month by month record of calendaric data which are neither governed 
by actual astronomical facts nor by arithmetical patterns. Modem hypotheses 
about the existence of a Greek “astronomical" calendar beside the chaos of local 
civil calendars are only wishful thinking. If Hipparchus or Ptolemy were able to 
utilize Greek data it must have been in the form of double dates of local civil dates 
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and Egyptian calendar dates, the latter being the natural reference system for 
astronomical records. 1 

Given this state of affairs it would be pointless to give here a list of publications 
concerning Greek calendars. A reader who wishes to obtain a first impression of 
the complexity of the problems which confront a student of the best known 
Greek calendar may consult Pritchett, The Choiseul Marble (1970) and Meritt, 
The Athenian Year (1961). The latter work also contains a list of archons Ifrom 
— 345 to -80) on which Athenian chronology hinges. 2 A Study by Jon D. Mikal- 
son on the Athenian calendar is to appear in the Princeton University Press. 1975. 

As early as the Byzantine period the coordination of months and dates among 
local calendars in Greece and of hellenistic cities in Asia caused great difficulties 
and schematic concordances were constructed, often without any reliable basis; 
cfi. e.g. the discussion by Hanell [1931] or Kubitschek, Kalenderbiicher. 3 

For the Macedonian calendar in Egypt cf. Samuel, Ptol. Chron. Special 
attention to Byzantine problems is given in Grumel, Chronol. Cf. also Gardt- 
hausen. Griech. Pah, e.g. for a list of indictions from A.D. 800 to 1599. 4 

Roman Calendar. Tables for the transformation of Roman calendar dates of 
the imperial period to julian dates are given in many works, e.g. in Ginzel, Hdb. II, 
p. 179-181. or Bickerman, Chron. Table V, or Grumel, Chronol., p. 298 f. 

Bickerman, Chron. Table IV gives the julian equivalents for the Varronie era 
of the foundation of R,ome (753 B.C.) and for the Olympiads (from 776 B.C.) until 
A.D. 300. Table VIII is a list of Consuls from 509 B.C. to 337 A.D. 

For the problems connected with the earlier history of the Roman calendar 
cf. Michels. Cal. Rom. Rep. 

Middle Ages. For the European Middle Ages (e.g. Easter-computus) cf. 
Ginzel, Hdb. Ill Chap. XIV or Van Wijk, Nombre d'or. For Syriac-lslamic con¬ 
cordances see the contemporary chronological tables of Bar Sinaya (written 
A.D. 1018). 5 Smaller calendaric tables belong to the equipment of practically all 
Islamic astronomical tables. 6 For Indian astronomy and chronology cf. Piilai, 
Ephemeris (6 vols.). 

1 Cf. for details and deviating opinions above p. 617. 

3 For a detailed discussion of the archon lists cf. Samuel. Chron., p. 195-237. 

3 Cf. also above p. 973. 

4 Voi. II. p. 4S8-497: indictions are also given in Grumel from A.D. (312/)3I3 to 1525 (p. 243-264). 

5 Delaporte. p. 147-376. 

6 Cf. Kennedy. Survey, p. 139. 





B. Astronomical Concepts 


§ 1. Spherical Coordinates 


The unit sphere with the observer in its center is called the “celestialsphere," 
If the contrary is not stated it is assumed that the observer and the center of the 
earth coincide. Only for questions of parallax is it necessary to distinguish between 
positions with reference to the observer and with reference to the center of the 
earth (or even to the sun). For all pre-telescopic astronomy, however, such a 
distinction is only of interest in the case of the moon and (indirectly) of the sun. 

Following ancient custom we call a celestial object simply a "star," even if it 
is a planet or the sun or the moon — in the two latter cases the center of the 
apparent disk defines the position. The line of sight from the observer to the star 
meets the celestial sphere in a point whose location with respect to a system of 
orthogonal spherical coordinates requires two arcs which are conventionally 
named depending on the special coordinate system. 

In general a system of spherical coordinates can be described by means of the 
following three elements (cf. Fig. 3): 

a) a certain great circle is selected as “fundamental great circle” and a "pos¬ 
itive" sense of rotation on it is chosen 

b) one of its two poles is selected as “visible pole" (P) 

c) a point of the fundamental great circle is chosen as “zero point" (Z). 

With reference to these elements the position of a star on the celestial sphere 
is determined by two arcs a and r. a counted in degrees from 0° to 360° beginning 
at the zero point (Z) of the fundamental circle and r from 0° to +90° at the visible 
pole, and to —90° at the opposite pole. Since antiquity the following three co¬ 
ordinate systems are in use: 


1. The Horizon System (cf. Fig. 4) 

Fundamental great circle: the horizon , 
visible pole: the zenith Z. exactly overhead, 

zero point: the north point N of the horizon (or the diametrically opposite 
point S): the great circle SZN is called the meridian. 

The corresponding coordinates are: 

azimuth A (counted positive from the north toward east), 

altitude a or h. 
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The coordinate A plays practically no role in ancient or mediaeval astronomy 
whereas the altitude of an object especially of the sun. is obtainable by direct 
observation. Its complement r = 90° — a is the zenith distance. 

The points 90° distant from S or N on the horizon are called east (E) and 
west (W). Azimuths with respect to E are called rising amplitudes or ortive am¬ 
plitudes. 1 


2. The Equator System (cf. Fig. 5) 

Fundamental great circle: the celestial equator. 

visible pole: the north pole N (i.e. the pole of the daily rotation of the celestial 
sphere), 

zero point: the vernal point f Y’. 

The corresponding coordinates are: 

right ascension x, counted in counter clockwise direction seen from N (also 
called from West to East) 

declination <5. 

This coordinate system is the most important modem system because instru¬ 
ments are mounted to follow the rotation of the celestial sphere about the axis 
ON. Pre-telescopic astronomy knows only observations of positions at given 
moments. Nevertheless the equatorial system was of great importance because it 
relates time to the uniform change of right ascension. For this reason x is not only 
reckoned in degrees but also in hours such that 24 hours correspond to 360°. 
Consequently 

l h = 15°, 0;4 h = 1°. 


3. The Ecliptic System (cf. Fig. 6) 

Fundamental great circle: the ecliptic (i.e. the plane of the yearly solar orbit 
with respect to the fixed stars) 

v isible pole: the pole of the ecliptic P (belonging to the northern hemisphere) 
zero point: the vernal point T. 

The corresponding coordinates are: 

longitude /. counted counterclockwise seen from P (also called from West to 

East), 

latitude /i. 

Longitudes are not only counted in degrees from 0° to 360° but also in 30° 
sections called zodiacal signs or signs for short. We write 

T = 30°. 


In German: Moraenweite. 







VI B 1,3/4. Spherical Coordinates 


1079 


The conventional names and symbols for the zodiacal signs are: 


/. 

Name 

Symbol 

/. 

Name 

Symbol 

0 to 30 

Aries 

T 

ISO to 210 

Libra 

=2; ■ ■ 

30 to 60 

Taurus 

V 

210 to 240 

Scorpius 

m. 

60 to 90 

Gemini 

31 

240 to 270 

Sagittarius 


90 to 120 

Cancer 

& 

270 to 300 

Capricorn 

-o 

120 to 150 

Leo 

<Q 

300 to 330 

Aquarius 

= 

150 to ISO 

Virgo 

nr 

330 to 360 

Pisces 

X 


_ The zodiacal signs have nothing to do with the constellations (i.e. areas which 

contain certain configurations of stars) which carry the same name although, of 
course, the names of the signs originated from their relation to the constellations. 
In the usage of ancient and mediaeval astronomy, however, signs are nothing but 
names for sections of longitudes, counted from a properly defined vernal point. 2 
It is a mistake, often made by modem historians, to interpret a sentence like “the 
planet entered Leo on this and this date” as an expression for the planet's position 
with respect to the constellation “Leo” — although definite boundaries of con¬ 
stellations were unknown in antiquity. In fact the above quoted phrase can only 
! mean that the planet had the longitude /.= 120°. If one wished to express a relation 

j with respect to fixed stars one would say. e.g., that the planet was I 1/2° to the 

east of Regulus. crossing at the given moment the line from star A to star B, etc. 

In Islamic and mediaeval astronomy there existed a certain picture of concen¬ 
tric shells, called "spheres” or “heavens,” among which the planetary spheres 
. were located in their proper order. In such a model the zodiac with its stars belongs 

to a sphere outside the planetary spheres, i.e. also outside the solar and lunar 
sphere. Since the coordinates 7. and (i refer to the plane of the solar orbit a special 
terminology was invented to denote inner circles which tire concentric and 
coplanar with the ecliptic, e.g. the term “ parccliptic." 3 In fact it only means a 
circle of reference for the coordinates 7. and /I. 

4. Relations Between the Systems (cf. Fig. 7) 

The significance of the different coordinates used in the three systems described 
becomes evident when one places them in their relative position with respect to 
the same celestial object. 

The equator intersects the horizon in the points East (E) and West (W) and 
reaches its greatest altitude SC in the culminating point C. 

Ecliptic and equator intersect in the vernal poiniTfand in the point 7. = y.= 180°) 
such that the points of the ecliptic with longitudes from 0° to 180° have positive 
declinations, i.e. lie to the north of the equator. The angle between equator and 
ecliptic is called the obliquity of the ecliptic and customarily denoted by e. Both a 
and 7. are counted in the direction opposite to the daily rotation. 


- In Indian and Islamic astronomy one finds also any 30-degree arc (e.g. on an epicycle) denoted as 
"one sign." Cf. also above p. 399. 

- As far as 1 know this term was introduced by Nallino in his edition of al-Baitanl (I. p. 45. n. 3). 
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Tables for the slowly decreasing values of e (beginning at —3000) and for the 
direct conversion of ecliptic coordinates ?., P to equatorial coordinates a, S are 
given in Ahnert, Tafeln XVa and XXXVIII-XLIII. respectively. 

Ecliptic and horizon intersect in the ascendant H and in the descendant A. 

Using the culminating point C of the equator as zero point one calls the arc 
from C, counted in the direction of the daily rotation the hour angle H. The hour 
angle of T (/. = 0°) is called sidereal time 6. Consequently (cf. Fig. 8) 

9 = \ot\ + H. 


With respect to an observer O at the geographical latitude <p the celestial 
sphere with its coordinates is situated as shown in Fig. 9. The altitude of the 
culminating point C of the equator is tp = 90 —tp. This is also the noon altitude of 
the sun when it is in the equator, i.e. at the equinoxes (2 = 0° and 180°). The altitude 
of the north pole N and the zenith distance of C are tp. 

A special situation prevails if q> = 0°, i.e. for an observer on the equator. This 
case is known as the case of sphaera recta in contrast to the general case of sphaera 
obliqua. At sphaera recta the north pole N lies in the horizon and the equator is 
perpendicular to the horizon. Since the meridian is also at sphaera obliqua 


perpendicular to the equator the meridian at sphas 
the horizon at sphaera recta. 


iqua plays the role of 


Note on velocities. For the computation of lunar and planetary longitudes 
ancient astronomy makes the simplifying assumption that the orbital plane 
coincides with the ecliptic. It is therefore of interest to determine the relation 
between the velocity component d/./dr of a body which actually moves with the 
velocity dco/'dr in an orbital plane of inclination i, co being the distance from the 
node, ft the latitude (cf. Fig. 10). 



tan X = tan co • cos i, cos co = cos X • cos P 

U) 

we have 

AX cos 2 2 d<o cos i d co 

-= - - - cos / -—- -=-z - . 

dr cos* co dr cos*/) df 

(2) 

In the special 

case of mean motion 



dco 



li7 =c 

(3) 


we see from (2) that the motion in longitude increases from c cos r at the node 
to c/cos / at maximum latitude /?=/. Somewhere near the middle of each quadrant 
the longitudinal velocity must be the same as the true velocity hence from (2) 


cos 2 to = cos 2 /. cos /. (4) 

With (1) one finds 

—= tan 2 / + 1 = tan 2 co • cos 2 i+ 1 
cos* X 

hence from (4) 

cos / 1 sin 2 co cos 2 r + cos 2 co 


cos 2 to cos 2 /. 


cos* co 
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I OS! 


and finally 


jiii . . * ' 

1 + cos / 

For the lunar orbit. i = 5° one finds from (5) that at to ^45;1° the two velocities are 
equal (cos i = 0;59.46,18). 


5. Equation of Time 

Since the sun does not move with constant velocity one has to distinguish 
between the true sun and a “ mean sun." In ancient and mediaeval astronomy the 
“mean sun” is a point of the ecliptic which has from the solar apogee the distance 
;7 = I }• At' where r represents the mean velocity of the sun and At' the time elapsed 
since the true sun was in the apogee. 4 

In modern astronomy the “mean sun” coincides with the true sun at the vernal 
point and is a point of the equator with the right ascension x = v ■ At, At being 
reckoned with respect to the vernal point. 

U 7bue (or apparent) solar time" is_defined by the hour angle // of the true sun. 
“mean solar time” by the hour angle// of the mean sun S (cf. Fig. 11). The difference 

E=H-H 

is called the “ equation of time." If a is the right ascension of the true sun we,can 
write for the sidereal time, i.e. for the hour angle of the vernal point, either H +y. 
or H + y.(d. Fig. 11). Consequently// +a = // +5c and therefore 

/.':: II //••• 5c-a. ."jff 

If A is the longitude of the true sun and if we set c=/.—a then we have finally 

£ = A — 5! — c. 

The term A —a is called the “ reduction to the equator": it depends on the obliquity 
of the ecliptic and thus produces for modem times values which differ slightly 
from values computed for antiquity. The second term c is the “ equation of center" 
which depends on the parameters for the solar orbit, thus in particular on the 
position of the solar apogee. Consequently the relative position of the two com¬ 
ponents A —a and c of the equation of time changes and this modifies the resultant 
function much more than the small variations in the single terms. 5 

6. “Polar” Coordinates 

For historical reasons a system of spherical coordinates must be mentioned 
which combines equatorial and ecliptical elements (cf. Fig. 12). The hour circle 
NSU through the star S intersects the ecliptic at a point T. The arc 7S = b (in 


4 Cf. above p. 60. 

5 Cf. Fig. 57 (p. 1222) where the curve for — c has to be moved toward greater longitudes ir one wishes 
to obtain later conditions. 
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mediaeval terminology 6 the “ basis latitudinis ”) and VT = m (“mediatio coeli ”), 
V being the vernal point are taken as coordinates of S. In connection with Indian 
astronomy these coordinates are also called “polar latitude" and “polar longi¬ 
tude"’, respectively. 7 


§ 2. Years, Months 
1. The Year 

The term “year” has either a calendaric or an astronomical meaning. Calen- 
daric years contain an integer number of days. e.g. 354 days in certain lunar 
calendars, or 365 days as in the Egyptian or in the Persian year. The discussion of 
the great variety of calendaric years belongs to the Held of technical chronology 
and does not concern us here. 1 Astronomical years, however, are defined in relation 
to the periodicity of the solar motion itself and are therefore intimately related to 
the development of mathematical astronomy. In modern times the direct correla¬ 
tion between the actual solar motion and the units of time measurement had to 
be loosened and had to be replaced by much more complex definitions. For 
historical discussions, however, much simpler concepts will suffice; we may, e.g., 
assume that the relative configurations of the “fixed stars” remain unchanged 
and arc therefore fitted to provide an accurately defined reference system for all 
celestial motions. This makes it possible to define "sidereal periods” as returns 
to the same fixed star without further specification and to act as if all celestial 
coordinates were directly represented by properly located fixed stars. 

There are two phenomena which obviously reflect a periodicity of the solar 
motion: the recurrence of the same length of daylight and the return of the same 
constellation to the same position at the same part of the night (e.g. midnight). 
The first phenomenon is not easy to associate with a definite moment since the 
seasonal variations are slow and ill defined. Hence the sidereal periodicity seems 
to be the ideal phenomenon to allow us to establish accurate limits for the length 
of the periodic solar motion, e.g. by the appearance or disappearance of bright 
stars in their relation to the sun. The resulting period is now called the “ sidereal 
year." schematically defined by the return of the sun to the same fixed star (cf. 
Fig. 13. p. 1436). 

The definition of “year” as recurrence of the same season is easily expressible 
(though not directly observable) in terms of the celestial spherical coordinates. 
The return of the sun in its travel in the ecliptic to the intersection with the equator 
at the vernal point produces equality of length of daylight and night, at least in 
principle, i.e. assuming an ideal horizon and disregarding all atmospheric influ¬ 
ences. This type of year is called the “ tropical year." 

The recognition of the fact that the sidereal year is longer than the tropical 
year is equivalent to the discover)' of the “ precession of the equinoxes." The basic 


” Cf.. e.g.. Kepler. Epitome Astronomiae Copernicanae III, 5 (Werke 7. p. 217 f.). 

' This terminology is modem (introduced by E, Burgess, S.S~ p. 320; Calcutta edition of 1935. p. 203). 
1 Cf. for the literature above p. 1074E 
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observations, due to Hipparchus. 2 3 make it easy to remember the relative length 
of the two types of years. Hipparchus found that the ecliptic coordinates of fixed 
stars (i.e. the longitudes counted from the vernal point and the latitudes) behave 
in the same way as the ecliptic coordinates of the sun: the longitudes are always 
increasing, the latitudes remain constant. But while the longitude of the sun 
increases 360° in one (tropical) year the longitude of a fixed star increases only 
about 1° per century (according to Hipparchus' estimate, actually 1° in about 
72 years) thus requiring 36000 years (actually about 26000 years) for one rotation. 

Fig. 13 illustrates this situation. While the sun moves in the ecliptic from the 
vernal point F, eastwards the vernal point is displaced with respect to the fixed 
stars to F 2 (about 0;0.36° per year according to Hipparchus, actually about 
0:0.50° per year). Thus the sun returns sooner to the vernal point than to the same 
fixed star and the tropical year is shorter than the sidereal year by the amount it 
takes the sun to travel from F, to F,, i.e. about 0;0.40 d = 0;16 h (actually 0:0.50 d = 
0;20 h ). The length of the tropical year was estimated by Hipparchus to 365;14.48 d 3 ; 
thus the sidereal year would be about 365;15.30 d . The modern values are 

tropical year: 365;14.31,55,12 d 
sidereal year: 365;15.23, 2,24 d , 

The schematic year which underlies the julian calendar is 365;15 d longjacci- 
dentally falling between the sidereal and the tropical year. Ma- 

Since the motion of the sun in the ecliptic is not uniform, one has to distinguish 
a third period, the anomalistic year, defined by the return of the sun to the same 
velocity. Ancient astronomers always considered the place of minimum velocity, 
the apogee A. as point of reference. The question then arises whether A. located by 
Hipparchus at If 5;30, has a fixed distance from the vernal point or from a fixed 
star, or whether it moves independently. Ptolemy came to the conclusion that the 
longitude of A remains constant, thus identifying anomalistic and tropical year. 
Thabit ibn Qurra (9th century), however, convinced himself that anomalistic and 
sidereal year are equal. Finally Azarqiel (11th century) realized the independence 
of the movement of the solar apogee. The modem value for the length of the anom¬ 
alistic period is 

anomalistic year: 365:15.34.33.36 d . (lb) 

This shows that the longitude of A increases faster than that of fixed stars. 

2. Months 

Similar periods can be distinguished for the moon, obtained as mean values 
over long intervals of time. The sidereal month is the time elapsed between con¬ 
secutive returns of the moon to the same fixed star, about 27 l/3 d long. The anom¬ 
alistic month is slightly more than 27 l/2 d . corresponding to a motion of the 
apogee in the direction of increasing longitudes. The nodal or draconitic month, 
however, is slightly shorter than the sidereal month, measuring the return to a 


2 Cf. above p. 293. 

3 Cf. above p. 54. 
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node of the lunar orbit i.e. to an intersection of the orbital plane with the ecliptic 
(cf. Fig. 14). 

Finally one has the synodic month of about 29 l/2 d which represents the 
interval between consecutive conjunctions, i.e. moments of equal longitude, of 
moon and sun. This interval is the basis for the calendaric months of 29 (“hollow” 
month) or 30 (“full” month) days. 

Sufficiently accurate mean values are: 

draconitic: 27 d 5; 5,35,4S h = 27;l2.43,59,30 d 
sidereal: 27 d 7;43,1 l,30” = 27;19,!7,58,45 d 

anomalistic: 27 d 13;18,33, 6 h = 27;33.!S.22,45 d (2) 

synodic: 29 d 12;44. 2,48” = 29;31.50, 7, 0 d . 

In historical context one can expect at least three different meanings of the 
word “month”: (a) a schematic month of 30 days, e.g. in business transactions or 
in general context (e.g. 5 months = 150 days); (b) the synodic month of 29 1/2 days, 
or, calendarically of either 29 or 30 days; (c) a sidereal month of 27 1/2 days. 4 

The tables by H. H. Goldstine for Full and New Moons (1973) give all true 
syzygies from - 1000 to +1651 (in Babylon civil time). 


§ 3. Fixed Stars 
1. Proper Motion 

The term “fixed star” is derived from the common experience that the relative 
position of the stars remains unchanged, in marked contrast to the “wandering 
stars,” the planets. Greek astronomers were by no means convinced, however, 
that the apparent invariability of the positions of the fixed stars was a fact in the 
strict mathematical sense. When Hipparchus found that the longitudes of stars 
near the ecliptic had increased in the course of time he considered the possibility 
that stars near the ecliptic were in fact very slow moving planets 1 until he convinced 
himself that this motion was common to all fixed stars — now called precession. 
And we know from Macrobius (around A.D. 400) that there existed a school of 
astronomers who thought that only the vastness of the universe and the length of 
time prevents us from observing the motion of individual stars. 2 But only modern 
astronomy could furnish the proof for the correctness of this ancient hypothesis. 
Halley, in 1718, 3 investigating the change of latitudes of fixed stars caused by the 
decrease, since Ptolemy, of the obliquity of the ecliptic by about 20 minutes of 
arc, found that three stars (Sirius. Arcturus, Aldebaran) showed variations opposite 
to the expected trend, an observation confirmed beyond doubt twenty years later 
by J. Cassini. 4 


4 Cf.. e.g., Neugebauer [1963]. 

1 Cf. above p.296. 

2 Commentary to Cicero's Dream of Scipio. I. Chap. 17. 16 (ed. Willis, p. 69. 23-30; trsl. Stahl, p. 158). 

3 Halley [1718]. p. 736. 

4 Cassini [1738], p. 331-346. 



VI B 3.2. Yearly Parallax 


1085 


These observations concern, of course, only the displacement of stars in a 
direction perpendicular to our line of sight (now called “proper motion"). The 
orthogonal component, the “radial velocity" of the star, has no influence on the 
apparent configurations and could only be detected by the Doppler effect in 
stellar spectra. 5 

There are only some 50 stars known whose proper motion exceeds 1 second 
of arc per year (three stars move more than 4 seconds), among which Sirius has a 
proper motion of about 1 1/3" per year; thus the displacement of Sirius during 
two millenia amounts to about 40 minutes of arc. 6 

For historical purposes proper motion will rarely be of significance. There are 
only very few bright stars which show displacements of more than 1 minute of 
arc per century; Fig. 15 illustrates the change of position of Procyon and of 
Sirius from the time of Hipparchus (black dots) to modern times (white dots) in 
relation to Orion (for which proper motions cannot be shown in the scale of our 
diagram). Data for proper motions of all Bright Stars can be found in the Yale 
catalogue. 


2. Yearly Parallax 

We now ignore proper motion and assume that the sun is in a fixed relation 
to all other stars. We may also assume that the orbit of the earth with respect to 
the fixed stars is a circle of fixed position with the sun at its center. An observer 
on the earth 0 sees the sun S traverse a circle of radius r in one year. The observer 
in O. exactly as in the geocentric description of planetar}' motion, would also 
assign to any fixed star F a circular motion of radius r in a plane parallel to the 
plane of the solar motion (i.e. the ecliptic) about a center C which corresponds 
to the center of a planetary epicycle with the only difference that C now has the 
mean motion zero (cf. Fig. 16). In fact, however, no such yearly displacement of 
the fixed stars could ever be detected by visual observation. Only two explana¬ 
tions are possible: either the earth has a fixed position with respect to the stars 
(and consequently the sun has not), or the distance R of F from the sun is so great 
that the diameter 2 r of the earth’s orbit seen from F. i.e. the “epicycle” of the star 
seen fromO,subtends an angle which is smaller than the smallest angle distinguish¬ 
able on a sighting instrument. The latter assumption leads to such colossal 
distances for the stars that the first alternative seemed to be more plausible. 
The fantastic emptiness of the universe, expressed in terrestrial dimensions, is 
indeed a conclusion which no sober scientist could have accepted (e.g. Brahe and 
Kepler) without overwhelming empirical evidence to the contrary. 

The above described periodic displacement is known to modern astronomy 
as “ yearly parallax" of the fixed stars. It was observed for the first time by 


! First observed in 1868 by W. Huggins for the hydrogen spectrum of Sirius (Huggins [1868], p.549). 
h The term “proper motion" does not differentiate between the various causes of the apparent change 
in the position of fixed stars. Hence it includes not only the motion of a star itself but also the elTect 
of the motion of the sun within our galaxy, as well as or the displacement of our galaxy with respect 
to extra-galactic objects. 
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F. Struve in 1836' and by F. W. Bessel in 1838 1 2 who found some of the com¬ 
paratively very few stars which are near enough to show' an optically measurable 
parallax. 

Let F be a star of the ecliptic, /. its observed longitude, and O the longitude 
of the sun at a given moment. Then the parallactic displacement p of F with 
respect to its mean position C is obviously given (cf. Fig. 17) by CD = R sin p'^Rp. 
But since CF is always parallel to OS (as the radius of the epicycle for an outer 
planet) we can also express CD in the form CD = r sin (/ —©)• Consequently 
we have for the parallax 

P = -prsin (/.-Q) = p sin (7.-0) 

A 

where p denotes the maximum parallax 



If we now assume that the star F lies outside the ecliptic at a latitude /i the 
plane of the circle of parallactic displacement is no longer seen edge on but 
from above or from below. For the same distance OC = R the longitudinal 
component CD of the parallax remains the same, but a latitudinal displacement p" 
(cf. Fig. 18) will now' appear, such that DE ^Rp". Since DF is parallel to the 
ecliptic we have also DE = DFsin/i. But from Fig. 17 we find DF = r cos (2 — O), 
hence 

p" — — sin /? cos (7. -Q)-p sin [I cos (7. - ©)• 

This formula also holds near /f=90, i.e. if F is the pole of the ecliptic. Then the 
star is seen to describe a circle. Thus for all stars 

p' = p sin (7.-0) 
p"= p sin p cos (7. — O) 

which is the equation of an ellipse with half major axis p and half minor axis 
psin p. It is called the "parallactic ellipse." 

The purpose of measuring parallaxes is, of course, to find the distance R of 
the stars from our solar system, i.e. 

R=-. ‘ (3) 

P 

The value of R w hich corresponds to a parallax of one second of arc is called one 
"parsec" It is the commonly used astronomical unit of distance. To travel at the 
velocity of light the distance of 1 parsec takes 3.26 years (one "light year" cor¬ 
responds to a little less than 6 ■ JO 12 miles). All fixed stars are farther away from 
us than one parsec. The greatest parallax known is 0.8" (proxima Centauri). 
The parallax of Sirius is 0.36". A list of fixed stars nearer than 5 parsecs is given 
by Van de Kamp [1969]. 

1 F. G. W. Struve. Stellarum duplicum el multiplicium mensurae micrometricae ... annis a X824 ad 
1837 .... Petropoli 1837 (p. CLXXII). 

2 First announcement (Oct. 1838) in M.N. 4; cf. Bessel [1838]. Then in A.N. 16 (Nos. 365. 366) col. 65 
to 69 (cf. Bessel [1839]: reprinted, with some additions. Bessel. Abh. II, p. 217-236). 
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3. Names and Constellations 

The first catalogue of stars in the modem sense of this term is found in the 
Almagest (VII, 5/VIII, 1), recording the positions of 1022 stars in longitude and 
latitude (for A.D. 137), distributed among 48 constellations which provide the 
background for the names of the individual stars, e.g.. Sirius is the “very bright 
one in the mouth" of the “Constellation of the Dog.” As I have discussed at length 1 
there is no basis whatever for the assumption that a catalogue of this type existed 
before Ptolemy. On the other hand all later catalogues eventually descend from 
the Almagest. 

The description of stars did not deviate in essential points from the inherited 
classical fashion until .1 oh. Bayer’s “Uranometria” (1603). It was Bayer who 
introduced Greek letters (and, if needed, Latin letters) as designation of the single 
stars, alphabetically arranged according to brightness, such that, e.g., Sirius 
becomes “a Canis majoris.” 2 Finally the never sharply defined boundaries of 
the pictorial constellations were replaced (by international agreement in 1928) 
by a system of arcs of constant right ascension and declination (for the equinox 
of 1875). At present the names also have been normed (for the sake of computers) 
to three letter words, e.g., CMa = Canis major. A list of these abbreviations and 
references to the literature which defines the now adopted boundaries is found, 
e.g.. in Explan. Suppl. A.E., p, 495, or in BS (2 ’ Appendix 2. 

A list for 300 stars of positions in right ascension and declination from century 
to century from -4000 to 4- 1900 is given in P. V. Neugebauer. Tafel I, in revised 
and modified form in Baehr, Tafeln. Schoch. Planctentafeln (p. 13M) gives 
ecliptic coordinates for 49 stars of the zodiacal area in steps of 500 years between 
— 2500 and 0. For highly accurate postitions the Yale catalogue of 9091 bright 
stars (BS 131 ) will be useful. Information concerning star catalogues for the 
professional astronomer can be found in Explan. Suppl. A.E.. p. 147f. 

Reliable data for the history of star catalogues are not easy to obtain. Knobel’s 
paper [1877] is trustworthy only for the time after 1600 (p. 24ff.): for the earlier 
periods it can be used only to track down sources of continuously repeated 
mistakes. For Islamic catalogues cf. Kennedy. Survey; for the Byzantine period 
Kunitzsch. Sternverz. 

The history of Arabic star names and their influence on the western terminology 
has obtained a .solid basis through the work of Paul Kunitzsch (Sternnamen. 
Sternnomenklatur, and Aim.). For the -Indoeuropean terminology cf. Scherer, 
Gestirnnamen. Allen. Star-names (1899), is still a useful work when consulted in 
conjunction with specialized modern publications. 


1 Cf. above I E 2. ! B and I C. 

: Bayer gave 49 plates with fanciful pictures of constellations, framed by scales for degrees of longitude 
and latitude (presumably for 1603), Each plate is associated with one or two pages of text in which 
are given the names of the single stars in the Ptolemaic tradition but arranged according to magnitude. 
An initial column gives the order number in Ptolemy's list, a second column the new Greek letters. 
Kepler knew Bayer's work and quoted his notation (e.g. Werke 16. p. 41. 2). In the heading of his 
text Bayer collected what he considered to be names of a constellation; cf. Tor the resulting mistakes 
Boll. Sphaera. p. 450f.. p. 456. p. 277. Bayer’s text contains also astrological data; cf. above p.954. n. 2S. 
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§4. Geocentric Planetary Motion 

Since ancient mathematical astronomy is concerned with the description of 
the planetar}' phenomena as seen by a terrestrial observer it is only natural to 
use a local coordinate system, e.g. with reference to a given horizon. With the 
discovery of the sphericity of the earth the advantage of real geocentric coordinates 
became evident. Heliocentric coordinates revealed their usefulness only after it had 
been realized that the earth and the planets were satellites of the sun. Finally 
gravitational theory made heliocentric procedures the only reasonable ones 
(lunar theory always excepted). One generally has this fact in mind when one 
speaks about the “simplification” introduced by the Copernican system in 
comparison to the Ptolemaic. 

In the actual sequence of historical events such a simplification never existed, 
considering equivalent problems. Neither Ptolemy nor Copernicus had the faintest 
concept of dynamical conditions prevailing in the solar system. For their purely 
cinematic purposes, however, it is irrelevant at what step one introduces the 
transformation to geocentric coordinates which are eventually needed as long 
as one wishes to describe what an observer is expected to see. And in fact it is 
by far simpler to analyze planetary phenomena like stations and retrogradations 
by means of a geocentric model than for a moving earth: and the same holds for 
the basic relations between sidereal and synodic periods, phenomena which are 
significant only for a stationary observer. Hence here, as always, the choice of a 
coordinate system depends on the problem one wishes to solve and since ancient 
astronomy is mainly concerned with the cinematics of planetary motion and with 
the related phases the use of geocentric coordinates is usually preferable. And 
geocentric coordinates are unavoidable for the theory of sun dials and related 
problems (cf, e.g. Fig. 17, p. 1376). 

In the course of our discussion of Greek astronomy we repeatedly had to 
make use of the transformation from heliocentric to geocentric coordinates 
and vice versa. Hence we do not need to repeat these considerations but can 
restrict ourselves to references to preceding chapters. 

Ancient astronomy separated the theory' of latitude from the determination 
of longitudes, a simplification justifiable by the smallness of the orbital inclina¬ 
tions (cf. Fig. 214, p. 1276 and I C7,2B Figs. 220 and 221, p. 1280). The additional 
assumption of circular orbits is in principle of much greater significance; its 
relation to the actual elliptic orbits is showm below in Fig. 34, p. 1443. We simply 
have to accept this postulate as valid for our subsequent discussions. 

The cinematic equivalence of heliocentric and geocentric motion is illustrated 
in Fig. 128, p. 1246. Since eccenters and epicycles are cinematically equivalent 
(cf., e.g., Fig. 51. p. 1220) a heliocentric model can also be transformed directly into 
a geocentric eccenter model. 

For the description of the apparent motions as projected onto the celestial 
sphere distances play no role; consequently it was possible to remove the (mean) 
sun from the center of the epicycle of an inner planet and the famous accident of 
misjudging the actual distance of the sun (cf. above p. 112) made it possible to 
create a world picture of nested planetary orbits, i.e. a physical theory of geo- 
centricity. Had it not been for this vital numerical error nothing in ancient 
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astronomy would have prevented the construction of a basically correct planetary 
system, e.g. of Tycho Brahe’s type. 

In I Cl. 2, p. 146 we listed the epicycle radii in their relation to the actual 
heliocentric planetary' distances. As the latter increase the epicycles become 
smaller: for fixed stars the epicycles which correspond to the earth's heliocentric 
motion become the “yearly parallax” (cf. Fig. 16, p. 1437). For numerical data 
cf. below VI B 7, 2. 

The Babylonian astronomers had discovered simple numerical relations 
between the number of the sidereal rotations of an outer planet and the number 
of synodic periods contained in the corresponding number of (sidereal) years; 
e.e. for Saturn 

59 years = 57 synodic periods+ 2 sid. rot. 

(cf. above p. 151: p. 390; p, 420, etc.). For the Greek cinematic models such a 
relation is a direct consequence of the rule that the radius of the epicycle CP must 
be parallel to the direction from O to the mean sun (cf. Fig. 158, p. 1257). On the 
basis of these considerations it is also easy to derive a theory of stations and retro- 
gradations. Fig. 19, e.g., shows that ideally (ignoring, e.g., solar anomaly) the first 
and second stations of an outer planet must be symmetrically located to the 
opposition (0). For an inner planet it is clear that the stations are neardr to 
inferior conjunction than the maximum elongations. All this can also be represent¬ 
ed in simple velocity diagrams (cf., e.g.. Figs. 21 and 23, p, 1438 f.). 

In the theory of latitudes the equivalence of geocentric epicycles and of a 
heliocentric model would remain valid as long as no eccentricities are involved 
(cf. Figs.206 and 207, p. 1272). But because the planetary orbital planes go through 
the true sun. models based on mean conditions require complicated corrections, 
a fact particularly annoying in Copernicus’ theory of latitudes. The insight into 
this situation constitutes a decisive progress in Kepler’s theory' of planetary 
motion. 

Babylonian planetary theory is mainly directed toward the prediction of 
the planetary' phases (the so-called Greek-letter phenomena; cf p. 386 and Fig. 16, 
p. 1319). It is remarkable that one came very near to this goal by a purely numerical 
analysis of empirical data. The Greek geometrical models, now' including latitudes, 
permitted Ptolemy to develop a general theory' of first and last planetary' visibility 
for arbitrary geographical latitudes (cf. ICS. 5 and VC 4. 5 C; for fixed star 
phases V B S, 1).. Modern astronomy cannot improve on these results since they 
depend on climatic and other local conditions removed from our empirical or 
theoretical control. 

With the introduction of elliptic orbits the simplicity of the heliocentric- 
geocentric transformations vanishes. It remains, of course, irrelevant w'hether 
one lets the sun or the earth move in an elliptic orbit about the other body as 
focus. It is also easy to derive the relations between the longitudes obtained for 
a Kepler motion as compared w'ith an eccenter (cf. VI B 7,4 and 5). But as soon 
as additional planets are involved no convenient direct transformation to geo¬ 
centric coordinates (including latitudes) exists. The increase in observational 
accuracy demanded by the Renaissance astronomers, extended to all points of 
an orbit not only to some characteristic phases, and made the traditional tech¬ 
niques obsolete beyond repair. 
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VI B 5, I. Planetary Phases 


§ 5. Planetary and Fixed Star Phases 

As “phases” of the planets or of fixed stars we denote phenomena which are 
related to the boundaries between visibility and invisibility due to the position 
of the star relative to the sun. The inner planets become invisible twice in each 
synodic revolution (cf. Fig. 20), the outer planets only once (Fig. 23). Fixed stars 
near the ecliptic will behave like extremely distant outer planets but for stars at 
a greater distance from the ecliptic such a generalization loses its value. 


1. Planetary Phases 


For the inner planets it is obvious from Fig. 20 that the period of invisibility 
at inferior conjunction (C) must be much shorter than at superior conjunction 
(S); this is equally evident from the velocity diagram Fig. 21. Since the planet is 
invisible whenever it is inside a cone with the line observer-sun as its axis it is 
also clear that the planet’s latitude must greatly influence the duration of invisi¬ 
bility near inferior conjunction, in particular for Venus where OC is about 1/3 
of the distance from O to the sun and where latitudes near T 8° bring the planet 
close to the upper or lower rim of the cone of invisibility (cf. Fig. 22). Mercury, 
on the other hand, is so near to the sun that its maximum elongation may not 
be sufficient to remove the planet from the brightness of the sun. We have described 
in I C 8, 3 the ancient theory' of these “paradoxical phases” of the two inner 
planets. . 

An outer planet (cf. Fig. 23) will be invisible for a comparatively short time 
when its motion in longitude is small. Therefore Saturn and Jupiter will not be 
invisible much longer than a nearby fixed star, i.e. about one month, while Mars 
follows the earth so closely that it remains hidden from sight about four times 
longer. 

These qualitative considerations must be greatly refined before any numerical 
data can be obtained. For the planetary phases the variable inclination of the 
ecliptic to a specific horizon must come into play, combined with the planet’s 
latitude. This was done in great detail by Ptolemy in Aim. XIII, 10 and his tables 
for the planetary phases at each of the seven climata from the Handy Tables 
remained standard during the Middle Ages (cf. above ICS, 5, p. 259 f. and 
V C 4, 5 C, respectively). 


2. Fixed Star Phases 

To begin again with a qualitative discussion let us assume a fixed star of 
longitude /* and near to the ecliptic. Then we will find in every year an interval 
of invisibility (cf. Fig. 24) between heliacal setting (£?) and heliacal rising (T), in 
antiquity traditionally estimated to correspond to 30° of solar motion. 1 These 
two phases are of great significance for all primitive calendars, felt with Hesiod, 2 


1 Cf above IV D 3. 4 and V A 3. 
- Cf. p. 573. 
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or in the role of Sirius in Egypt 3 and Mesopotamia. 4 Two more phases are 
important, known as acronychal rising (0j) and setting 5 (0 2 ). respectively (cf. 
Figs. 24 and 25). similar to the lunar phases near full moon 6 or to planetary 
opposition 7 in Babylonian astronomy. In the interval between 0j and 0-, neither 
the daily rising of the star nor its setting can be seen because the sun is not suffi¬ 
ciently deep below the horizon to make stars visible. 

If we now consider stars which are no longer on (or near to) the ecliptic the 
sequence Q -> 0, -* 0 2 of the phases can be changed. These changes in the 
order of the phases were already discussed in the early treatises on spherical 
astronomy, e.g.. in the "Risings and Settings" by Autolycus (4th cent. B.C.). We 
have described the details in IV D 3.4 and schematically represented in Fig. 56. 
p. 1368. Other formulations were given, e.g., by Tannery or by O. Schmidt in 
their publications on Autolycus. 8 

We have remarked before 9 that Ptolemy realized the possibility of such 
permutations in the order of the phases, similar to the case of Venus near inferior 
conjunction in combination w'ith a high value of the planet’s latitude. 10 


3. Tables 

Modern tables for visibility problems, i.e. for the phases of the moon, of the 
planets, and of the fixed stars are all based more or less on the work of C. Schoch 
(1927. 1928) and P. V. Neugebauer (1922. 1929). Important criticism and modifi¬ 
cations of the methods developed by these authors are given by van der Waerden 
[1942] and [1954,2]. j|; : 

Schoch’s tables (Planetentafeln and Ammiz.) were designed for problems of 
Babylonian chronology, in particular for the phases of Venus in combination 
with a strict lunar calendar, i.e. with the phases of the moon. 1 Clear directions for 
the use of these tables are found in P. V. Neugebauer. Astron. Citron. I. p. 167—172; 
cf. also van der Waerden [1942]. 

The adaptation of these tables (which include all five planets 2 ) to the latitude 
of Babylon is not a serious limitation of their usefulness since it is only Babylonian 
astronomy that the planetary phases play an important role 3 which requires 
extensive numerical computations. Outside Babylonia planetary phases may 
occasionally play a role for chronological problems. Then P. V. Neugebauer, 

3 CT. HI. 1. 

4 Cf. II In. 3. 3. 

f Called “cosmic setting.” 

6 Cf. p. 538. 

7 Cf. p. 3S6. 

s Tannery, Mem. Sci. II. p.228-232 (1886): Schmidt [1949], 

9 Cf. above p. 930. 

10 Above p, 241: cf. also above p. 1090. 

1 II is of no concern in the present context that Schochs method was much too artificial to solve 
the chronological question for which it had been developed (cf. Neugebauer [1929]). 

3 The validity of dates for Mercury maybe doubted; cf. P. V. Neugebauer [1938] col. 313 and Neu¬ 
gebauer [1951]. p. 115f. 

3 Cf. above p. 386 f. 
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Tafeln III (§26) and the revisions in Astron. Chron.I (§19) will provide the 
necessary information, extended to a wider range of geographical latitudes in 
P. V. Neugebauer [1938.1]. Further revised and simplified tables are given in 
Baehr, Tafeln (p. 12-14). 

Essentially the same works have to be consulted for fixed star phases: P. V. 
Neugebauer, Astron. Chron.I (§17), Baehr, Tafeln (p. 14f.). For Ptolemy’s fixed 
star phases 4 Vogt, Griech. Kal.V is of primary' importance; cf. in particular his 
table of the phases for 30 stars of first and second magnitude for the climata I to V 
and the time of Antoninus 1 (A.D. 137/138). 5 

Much in the very extensive modern literature on planetary and fixed star 
phases is without practical value since both the ancient sources and the modern 
attempts at mathematical formulations must introduce strong schematisations 
which may be wrong in individual cases. In fact the results of all computations 
can hardly be more than estimates of plausible mean values which can never 
reach the reliability and usefulness for chronological problems inherent in plane¬ 
tary positions or eclipses. 6 


§6. Lunar and Solar eclipses 

We consider in Figs. 26 and 27 the line earth-sun, i.e. the axis of the earth’s 
shadow cone, as line of reference for the motion of the moon and for the axial 
rotation of the earth. N being its north pole. It is of no interest for our qualitative 
description that the line earth-sun rotates by a small angie with respect to the 
fixed stars during the time of the eclipse. Also with respect to scale and relative 
inclinations our figures are strongly schematized. Finally we disregard all re¬ 
finements, e.g. the distinction between umbra and penumbra, i.e. between exterior 
and interior tangent cones. 

The case of a lunar eclipse is'described in Fig. 26. The moon moves around the 
earth in the direction from A to B. A being the position of first contact with the 
earth’s shadow, B representing the end of the eclipse. An observer, located on the 
night side of the earth, sees the shadow entering the surface of the moon on its 
eastern side and leaving it at the western rim. 

A solar eclipse (Fig. 27). as seen by an observer on the day side of the earth, 
presents the opposite situation. The dark disk of the moon meets the sun at its 
western side and leaves the sun at its eastern rim. If the solar eclipse is total, i.e. 
if the axis of the moon's shadow cone hits the earth, then the first impact of the 
shadow occurs at the boundary' between illuminated and dark side of the earth 
that is to say at the point of sunrise. Similarly, the shadow leaves the earth at a 
point of sunset. Thus the curve which connects the points on earth met by the 
axis of the moon's shadow cone, the so-called curve of centrality (where the eclipse 
appears total), begins in the west and ends in the east. The details of its location 


4 cr. above V B S, 1 B. 

3 Griech. Kal. V. p.54-61. 

6 The numerous discussions aboul the arcus visionis of Sirius in Egypt are without interest for historical 
questions; cf. Neugebauer [1939]. 
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depend, of course, on the relative position of the moon to the equator during the 
time of the eclipse. 

Size and distance of the moon in relation to the sun are such that the vertex 
of the shadow cone of the moon can fall short of the earth — this will be the case 
when the moon is near the apogee of its orbit. The apparent diameter of the moon 
is then slightly smaller than the apparent diameter of the sun and the eclipse 
appears “annular” for an observer on the curve of centrality. It is also possible 
that a solar eclipse is total only for the middle section of its path, but annular at 
the beginning and at the end. 

The maps in Oppolzer’s “Canon der Finsternisse” (1885)' give approximate 
paths for the total (and annular) solar eclipses between —1207 and A.D. 2161, if 
visible to the north of the parallel 30° south. For the area of Egypt, Mesopotamia, 
and Asia Minor the paths of total eclipses are plotted for the time from —4204 
to —900 in P. V. Neugebauer’s “Spezieller Kanon der Sonnenfinslernisse” (1931). 
The period from —900 to A.D. 600 for the Mediterranean area is covered by 
F. K.Ginzel “Spezieller Kanon der Sonnen- und Mondfinsternisse” (1899) and 
the European area between A.D. 601 and 1793 is represented in .1. Fr. Schroeter’s 
“Spezieller Kanon” (1923). The tables of “Solar and Lunar Eclipses of the Ancient 
Near East from 3000 B.C. to 0” by Kudlek-Mickler (1971) are not only incon¬ 
venient to use (entry' in maps: julian day numbers, not civil dates) but contain 
systematic errors in dates of lunar eclipses (cf. Sachs [1975]). 

A list of solar and lunar eclipses mentioned in ancient sources between —771 
and +592 is given by Boll in his article “Finsternisse" in R.E. 6.2 (1909) col. 
2329-2364. Cf. also the discussion of eclipse reports by Ginzel [1882/1884], 

The idea of investigating the total path of a solar eclipse (instead of determining 
the magnitude and other circumstances fora given locality) is of modern origin — 
probably developed in the time of .1. Cassini under the influence of the great 
theoretical interest of the Venus transits of 1761 and 1769. 2 The modern method 
of computation goes back to Bessel’s “Astronomische Untersuchungen.” II 
(Kdnigsherg 1842). 

Lunar eclipses, even of small magnitude, are easily discovered by a casual 
observer because the indentation of the illuminated disk of the full moon is very 
marked. The blinding brightness of the sun, however, allows partial eclipses to go 
unnoticed until more than half of the disk is obscured. Ginzel, Kanon. p. 14. 
gives details, reckoning 9 digits as limit for naked eye discovery' of a partial solar 
eclipse. 

Remark. It is an often repeated statement — from Aristotle 3 to modem text¬ 
books — that the sphericity of the earth is demonstrated by the fact that the earth's 
shadow on the moon is always bounded by a convex arc. 4 This, of course, is 
mathematically inconclusive, quite aside from the fact that nobody ever explains 

1 For accurate references cf. the bibliography VI D 2. 

2 According to Lalande (Astron. II. p, 358. No. 1799: Bibi.. p. 256. 1644) Dom. Cassini constructed in 
1664 for the first time the path of a solar eclipse (visible in Ferrara) on a terrestrial map. But there was 
no total solar eclipse in 1664 and no publication of Cassini with the title quoted by Lalande seems to 
be known. 

3 Dc caelo II. XIV (Loeb. p.252/253. Bude. p. 100). 

4 n:i Khp-i)v r/n n'/v bfiiZauaxv 5711 / 1 /n/v. 
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how to establish the accurate nature of the observed curve. But even if we take 
it for granted that the shadow of some object on another unknown surface appears 
as a circle one should remember that there exists an unlimited number of shadow' 
casting and shadow receiving bodies which produce identical shadow limits. 
Furthermore, assuming the sphericity of earth, moon, and sun the shadow curve 
on the moon is the intersection of a circular cone with a sphere, thus an algebraic 
space curve of the fourth order 5 and part of its projection on the celestial sphere 
is what w ! e see as the boundary of the shadow. 

The Saros. Two periodic functions must always have a common period (or at 
least as nearly common as one wishes) but ordinarily its length will be by far 
larger than the single components, even if one operates with reasonably close 
approximations. And all practical limits are rapidly transgressed if one considers 
more than two functions. 1 It is therefore an extraordinarily lucky accident that 
four elements which are decisive for the occurrence and special circumstances of 
eclipses have a nearly common period of only about IS years. That is to say: 
within a period of 223 lunations the following elements return to their original 
values except for the following small corrections 2 : 

argument of latitude: — 0'28,3~° 

lunar mean anomaly: — 2;49,52 (la) 

solar mean anomaly: + 10;29,38 

to which corresponds a change in the distance from the node of the 

lunar perigee: + 2;21,11° 

solar perigee: — 10:58.16. ^ 

This implies the nearly simultaneous completion of 

223 lunations se 242 draconitic months 239 anomalistic months (2) 

a fact w'hich is the cornerstone of the Babylonian theory' of eclipses. 3 in modern 
astronomy knowrn under the name “ Saros .” 4 The data in (la) show that two 
eclipses one Saros apart (i.e. about 6585 days apart) will be of very similar appear¬ 
ance since not only the lunar latitude is almost the same (changing only by about 
2 1/2 minutes) but most important because-also the lunar anomaly is nearly 
restored, a fact of w'hich the Babylonian astronomers were fully aware, rediscovered 
by New'comb. 5 

Since, however, the Saros does not exactly restore all elements, its repetition 
will slowly change the character of consecutive eclipses and finally lead to a situa¬ 
tion which no longer corresponds to an eclipse. Hence one must construct higher 


s A special case of such a curve is ihe "Hippopede" of Eudoxus: cf. above p. 678. 

1 This fact is very advantageous for the historical dating of Babylonian material (cf. Neugebuuer 
[1937.2] and ACT. p. 35-37). 

2 These data are taken from Newcomb [1879], p. 8. 

3 Cf. for additional details above II B 4. 2. 

4 Cf for this terminology above p. 497. note 2. 

5 Newcomb [1879]. p. 7: "There are. however, two remarkable chance relations connected with the 
Saros. which, so far as I know, have never been remarked." 
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cycles if one wishes to account for the slowly changing aspects of eclipses from 
Saros to Saros. For lunar eclipses one such cycle exceeds 800 years, for solar 
eclipses even 1200 years. This shows that for most historical purposes the "Saros” 
is an excellent guide in the search for related eclipses in records which will rarely 
cover more than a few centuries. 

In practice short range relations between eclipses will be of greater interest 
than the repetition of Saros cycles. Such data for short intervals can be easily 
derived from approximations to the Saros. e.g. in the form of continuous fractions 
(as shown, e.g., below p. 1124). 


§ 7. Kepler Motion 
1. Definitions 

We call "Kepler Motion ” a cinematic model in which a celestial body P 
moves in an elliptic orbit (cf. Fig. 28). S being one of the two foci of the ellipse. If it 
were not for the mutual perturbations of the members of our planetary' system 
the sun as well as the moon would move in this fashion with respect to the earth, 
and each planet with respect to the sun. For our purposes it suffices to assume 
this simplified situation, i.e. we consider each case individually as corresponding 
to a “two-body-problem'' only. Consequently S represents the earth if P is the 
sun or the moon: but S is the sun if P is a planet. In the first case 77 is the "perigee" 
A the "apogee" In the second case these words stand for " perihelium" and "aplie- 
lium ”. respectively. 

Let C be the center of the elliptic orbit of P and let the time t being counted 
from a moment when P is at 77. If T is the "orbital period" ofP. i.e. the time between 
two consecutive passings of 77 by P then 



n = 2n/T 

(1) 

is the “mean motion" 

of P and 



M=nt = 2nt/T 

(2) 

the “ mean anomaly." 

The “true anomaly." however, is the angle 



v = PS 77 

(3) 

and the difference 




(7=r— M 

(4) 


is the " equation of center." 1 

If P is the sun the orbital plane is by definition the ecliptic. This is also true 
in the other cases where latitudes are ignored as is common practice in ancient 
astronomy, at least in first approximation. Then the direction from S to the vernal 
point T0° belongs to the orbital plane and we can reckon “true longitudes" 
7. of P from this direction. Finally we define a “mean longitude” /. by means of 

1 / = / — 9 (5) 


1 This term is of Arabic origin (ui'dtt). Cf. Nallino. Balt. I. p. 213 and II. p. 330. 
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which we can represent geometrically as longitude of a “mean” body P which 
is in 77 simultaneously with P and moves with the mean velocity M in a circular 
orbit with center S (cf. Fig. 28). Obviously 

PSP = 0. (6) 


2. Parameters 

All parameters which determine the planetary' motion are subject to small 
secular variations, determined in modem astronomy by a complex interplay of 
dynamical theory and empirical data. Since for historical purposes high accuracy 
is usually not required 1 we consider the data listed in Table 1 sufficient. The 
values for A.D. 100 are computed on the basis of formulae given in the Explan. 
Suppl. A.E. p. 98 (for the sun) and p. 112f. (for d, 9. cl and by Gaillol 2 (for 2J. 
and I)). Roundings to the nearest minute of arc suffice for our purpose. The 
eccentricities given are, of course, the eccentricities of the elliptic orbits, not of 
the corresponding approximations by eccentric circles. 


Table 1 



o 


A.D. 100 

A.D. 1900 

J per cent. 

obliquity of eci. 

23;41° 

23;27° 

-0: 0.47° 

long, of perigee 

250; 16" 

28I;13° 

+ 1:43.' 9° 

eccentricity 

0.0175 

0.01675 

-0.000042 

precession 

-f 123° 



9 

9 

A.D. 100 

A.D. 1900 

A percent. 

A.D. 100 

A.D.1900 

A per cent. 

incl. of orbit / 

Ox 

Ui 

00 

o 

7; 0” 


3:23 c 

3;24° 


ascend, node Q 

25;52° 

47; 9° 

+ 1 : 11 ° 

59:43" 

75;47° 

+ 0:54° 

perihelium n 

48; 0° 

75:54° 

+1;33° - 

104:49= 

130; 10° 

+1 ;24° 

eccentricity e 

0.205 

0.206 


0.008 

0.007 




<s 

% 

t? 


A.D. 100 

A.D.1900 

A percent. 

A.D. 100 

A.D.1850 

A percent. 

A.D. 100 

A.D. 1850 

A per cent. 

I 

1;52° 

1:51° 


1;25° 

1;19° 


2;33° 

2:30° 


a 

34;54° 

48;47° 

+ 0;46° 

81;25° 

98;56° 

+ 1; 0° 

97; 4° 

112:21° 

+ 0;52° 

71 

o 

00 

334;13° 

+ 1;50° 

344; 6° 

11;55° 

+ 1;36° 

55:52° 

90; 7° 

+ 1:57° 

e 

0.091 

0.093 


0.045 

0.048 


0.062 

0.056 



1 The situation is quite different when historical data are utilieed for the correction of secular coeffi¬ 
cients. 

2 Taken from P. V. Neugebauer. Astron.Chron.il. p. Vllf. 
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Table 2 



half major axis 

eccentricity 

sidereal period 

syn. p. 

9 

0.39 3=0:23.20 

0.206 = 0:12.22= J/5 

87.9“ 

115.9“ 

0 

0.72 3:0;43.24 

0.007 = 0: 0.25 = 1 /146 

224.7“ 

583.9“ 

d 

1.52 3 : 1:31.10 

0.093 = 0; 5.35 % 1/11 

687.0 i! = 1.88’ 3: 2’ 

779.9" 

21 

5.20 = 5:12. 0 

0.048 = 0; 2.53 =1/21 

4332.6“ = 1 ] .86' = 12’ 

398.9“ 

b 

9.54 =: 9:32.20 

0.056 = 0: 3.18= 1/18 

J0759.2 d = 29.46’ 3=30’ 

378.1“ 

O 

1.00 

0.017 = 0; 1. 1 = 1/60 

365.2564“ 


d 

0.0026 3; 0:0.9.15 

0.055 = 0: 3.18= 1/18 

27.32166“ 29.53059 

= 29:31.50.7“ 


Comparison with the constant of precession shows that all apsidal lines show 
a small positive sidereal motion whereas the nodes recede. 

Table2 gives approximate data for the dimensions of the planetary system 
in astronomical units, i.e. in the scale of the earth’s orbit. 3 The half major axis of 
an elliptic orbit can serve as the mean radius for a circular orbit traversed during 
the same time Tin which the actual planet completes one sidereal rotation. The 
periods given are again only mean values. The sidereal period is the time between 
two consecutive returns of the planet to a direction from the sun (or from the earth) 
to a certain fixed star (the size of the earth’s orbit being negligible for fixed star 
distances); the synodic period brings the planet back to the same phase with 
respect to the sun, e.g. conjunction. Note that the synodic periods tend toward the 
length of the year with increasing heliocentric distance. 4 

3. Kepler’s Laws 

The planet P moves in an ellipse (cf. Fig. 29). the sun S being in one focus 
(“ Kepler's first law"), FI being the perihelium. We denote 

half major axis ... a 
half minor axis ... b 
eccentricity ... e. thus CS = ca. 

Construct QPR perpendicular to C /7 with CQ = a. Then the angle 

QC 77 = E 

is the “eccentric anomaly" 1 

For corresponding segments in ellipse and circle we have 

t 7 U 

area C77 P = — area C 77Q =- a 2 n- ——= 1/2 abE. (1) 

a a 2 k 

On the other hand 

area C 77 P = triangle CSP + area S 77 P (2) 

3 Introduced by Gauss. Tlieoria motus. Werke 7. p. 14. For the modern definition cf. Clemence 
[1965], p. 107 108. 

4 The limes represents, of course, the period of the yearly parallax of a fixed star; cf. above p. 1085. 

1 The angle PS77 = r is called “true anomaly" (cf. p. 1095). 
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where 

triangle CSP = 1/2 ea ■ PR= 1/2 ea ■ — ■ a sin E= 1/2 abe sin £ (2a) 

a 


and according to the area theorem (“ Keplers second law") 

area S/JP = cr (2b) 


where c is a constant and f the time such that for r = 0 the planet was in 77. Hence 
from (1) and (2) 

1/2 abE=\ jlahe sin E + c t 


or 


E — e sin E= 


2 c 
ab 


(3) 


which is "Kepler's equation." 
The quantity M in 


2 c 

- t = M = n-t 

ab 


(4) 


is the “mean anomaly ” as defined on p. 1095. Obviously 


nT = 2n (5) 

gives the time of revolution T of the planet. 

It can be shown that it follows from Newton’s law of gravitation that 

n = k ] 1 4 m • a~ 3 2 (6) 

where k is a universal constant, m the mass of the planet in units of the solar mass. 
From (5) and (6) one obtains 

n 2 a 3 = k 2 (l + m)=4n 2 a 3 /T 2 . (7) 


For the earth m ^ 1/354700. If we ignore for two planets Pj and P 2 their masses 
we obtain from (7) 

T 2 /T 2 =a 3 2 /a]. (8) 

This is “ Kepler's third law ” in its original form. 2 the accurate relation (7) being 
only the result of Newton’s dynamics. 


4. Approximations _ 

Since the mean anomaly M — nt increases linearly with time it is natural 
to seek an expression for true anomaly v and for the eccentric anomaly E in 
terms of M. This will also lead to a comparison of an eccenter model with the 
corresponding Kepler motion. 1 

For our historical problems approximative solutions suffice in which we 
ignore terms containing the factor e 3 or higher powers of the eccentricity e. All 
subsequent computations make use of this simplification. 

2 Kepler, Epitome. Werke VII. p.291,9-21. 

1 Below p. I lOOf. 
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We first establish the following lemma: if for angles a. /i. y. and given e 



/? = a + e sin y 

(la) 

then 




e sin (y + e sin [>) ~ e sin a + 1/2 e 2 sin 2 a. 

(lb) 

Indeed: 




e sin (a + e sin /i) = e sin y. cos (e sin /?) + e cos a sin (e sin p) 

= e sin y(\ — \j2e 2 sin 2 [i-\ — j + e cos y.(c sin /l-) 

« c sin k + c 1 cos a sin ft. 

But it follows from (la) that 

sin p = sin (y. + e sin 7 ) = sin a cos (e sin 7 ) +cos a sin (c sin 7 ) 

= sin a(l — 1 j2e 2 sin 2 y 4— ) + cos y(e sin 7 -). 

The only term free from a factor e or e 2 is sin a. Thus 

e sin (a + e sin /?)« e sin a + e 2 cos a sin a 
— e sin a + l/ 2 e 2 sin 2 a 

Cj.C.u. 

We now apply this lemma to the Kepler equation 2 (above p. 1098 (3) and (4)) 


which we iterate 
Hence from (1): 


E = M + e sin E 
E= M + e sin (A/ + e sin E). 

E = M + e sin M + 1 /2 c 2 sin 2 M 


( 2 a) 

(2b) 


which gives the eccentric anomaly in terms of the mean anomaly. 

Next we express v in terms of E and then, by means of (3). in terms of M. 
Let Fig. 30 represent an ellipse of major half axis 1. Then 


/■' + /■ = 2 

hence r ' 2 = 4 — 4r + r 2 

r' cos v' = 2 e + r cos v 

r' sin r' = rsin v 

hence r ' 2 = 4e 2 + 4er cos v + r 2 

and thus 



1 —r—e 2 +er cos r. 

But (Fig. 30) 

e + r cos r = cos £ 

thus 

1 —r — e cos £ 

or 

r = 1 — e cos £ 

and 

r cos v = cos £ — e. 

Hence 



r(l Tcos r) = (1 — e)(l +cos E) 
r(l —cos v)=(l +e)(l —cos E) 


2 The "Kepler equation” appeared already in Islamic astronomy (in the theory' or parallaxes) and 
was solved by an iteration method. Cf. Kennedy-Transue. A Medieval Iterative Algorism. Amer. 
Math. Monthly 63 (1956). p. 80-S3. 
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and by division 

v 

tan — = 

2 

This relation can again be expanded in a series of powers of e, resulting in 3 
v = E + e sin E+ l/4e 2 sin 2£. (5) 

For £ we now substitute (3): 

v = M + e sin M 4- 1 /2<? 2 sin 2 A-/ 

+ e sin (M + <? sin M H—) 

+ l/4 <? 2 sin (2M + 2c sin M 4—). 

Using lemma (1) for the second line we have 

v— M + e sin M + 1/2 e 2 sin 2 M 
4- e sin M 4- l/2e 2 sin 2 M 
4- 1 /4t?~ sin (2 M +2e sin M 4—). 

In the third line 



Mil [z. jyj T — f Mil 1 »J ; — Mil ~ Ai V“ c SJJt iW/Ttuo ^;|J MU \ — l ^11I OJ ; 

contributes only the term sin 2 A/ which is free from e, hence 
v = M + 2 e sin M 4- 5/4 e 2 sin 2 Ai 

is the expression of the true by the mean anomaly, correct to <? 2 . 


5. Eccenter Motion 

Fig. 31 shows that 

sin d = c sin k = c sin (ic + fl) (7) 

hence 

0 = arc sin 0 = esin k+ l/ 6 e 3 sin 3 k 4—. 

Again disregarding terms with e 3 and higher powers of the eccentricity we have 


and thus 


0 sin k — sin 0 
6 = e sin (ic + 0 ) = esin (ic + c sin k). 


Making use of lemma (1), p. 1099 we have 


or 


0 = e sin k 4- 1 /2 <? 2 sin 2 k 
k — k+c sin R+l/2e 2 sin 2 k 


( 8 ) 


(9) 


as expression of the true anomaly by the mean anomaly. 

We are now in a position to compare an eccenter model with the Kepler 
motion. We assume that the periodic time T is the same for both models and that 


Cf., e.g.. Smart. Spher. Astr.. p. 11S. 
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the planet is in /7 for r= 0; hence 


= M. 


( 10 ) 


We denote the eccentricity of the elliptic orbit by e K . of the eccenter model by e p 
Thus we obtain from (6) and (9): 

K — V—K + e p sin R + 1 /2 Cp sin 2 R 


— M — 2 c K sin M — 5/4ej? sin 2 M 
-(e p — 2e K ) sin M + (1 /2 e], — 5/4tv) sin 2 M. 


( 11 ) 


If we design the eccenter model in such a fashion that its eccentricity equals 
the distance between the two foci in the corresponding Kepler orbit (cf. Fig. 32. 

P 1442) - i e - if c V = V K (12a) 

then we find. 1 that, accurate to e 2 


k — v = 3/4 sin 2 M. 


(12b) 


Hence the maximum deviation occurs in the octants (M = 45 + k ■ 90°) and 

amounts to . , ,,, -> , n / 

max |k — r| = 3/4c;;. (12c) 

Application to the solar theory. Ptolemy assumed 2 for the sun an eccentricity 

<? p = 1/24 = 0:2.30 = 0.0417 


whereas actually, at his time 3 


2 e K = 0.0350. 


Hence the error (11) of his solar model can reach near the quadratures 

IS0° 


k — v e p — 2 e K = 0.0067 


= 0.384° *0:23° 


while exact adjustment according to (12a) would reduce the maximum error 
(now at the octants) to about 


180° 


■ 0.0175 2 ^ 0.013°% 0:0.45°. 


71 4 

Al-Battani found for the solar eccentricity 4 


c p = 0:2.4.45 =0.0346 


hence reducing the error near quadratures to about 


180° 


(0.0346-2-0.01717) = 


180° 


•0.0003 = 0.017°% 0:1°. 


71 71 

The optimum would be again about 0;0.45° (near the octants, for e p % 0:2.3.30). 


' Aaboe [1958], p. 212ff. has shown that (12a) can also be obtained by the requirement that the 
planet in both models is not only at the same time in the apsidal line hut also in the quadrature 
(At = 90'). 

- Above p. 58. 

3 Cf. above p. 1096. Table 1. 

4 Nallino. Batt. i. p. 47. 
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Errors of this order of magnitude fall, of course, below the limits of accuracy 
of direct observations in antiquity. The only way to detect such discrepancies 
would be their influence on the time of eclipses but then the errors in the theory 
of the lunar motion would again obscure the situation. 

The “Equant”. Let us assume that an epicyclic model is properly adjusted to 
its corresponding elliptic model, i.e. that 

e p = 2 t’ K 

or, to say the same (cf. Fig. 32), that the center D of the eccenter is the second 
focus of the ellipse of center C, the observer 0 = S being located at the other 
focus. We then know that within the square of the eccentricity the true anomalies 
are the same in both models: 

l V ~ r K' 

In other words, seen from O the longitude of the planet varies in the same way, 
regardless of whether the planet moves according to Kepler's laws on the ellipse 
(P K ) or according to the ancient model on the circle (P p ) of center D = T. Hence 
it is clear that within the same limits of accuracy TPp^TP^. But the radius TP P 
rotates with mean velocity: hence the second focus in a Kepler ellipse functions 
as “equant'' of the motion, i.e. an observer in T would see the planet move with 
constant angular velocity. 

It should be remarked, however, that an eccenter model (even for small 
eccentricities) represents distances far less accurately than longitudes. Fortunately 
for ancient theory distances play practically no role in it. 

The term “equant" does not occur with Ptolemy who uses only expressions 
like “center for the eccenter which produces the uniform motion” or similar 
circumlocutions. A more concise terminology apparently originated in Arabic 
astronomy, as early as with al-Farghani (about A.D. 850). 5 To Copernicus the 
term “aequans” seems comparatively new since he says in Revol. V, 25 6 
“(circulum) quern recentiores appellant aequantem.” Kepler uses “aequans” 
freely: he say, e.g., “eritC punctum aequantis” or he speaks about “eccentricitas 
aequantis.” 7 


6. “Elliptic” Orbits 

It is only natural that in all discussions of Kepler motions the orbits are 
drawn as elongated ellipses, i.e. for eccentricities considerably greater than in the 
actual orbits. In order to give the reader a feeling for the difficulty of determining 
the true character of planetary orbits it will be useful to give some scale drawings 
of the actual conditions. 

Fig. 33 shows one quadrant of an ellip se of semi-axes a and b, respectively. 
OF represents the eccentricity e = ]/a 2 — b 2 and the perpendicular from D to the 
diagonal AB intersects the axes in the centers of curvature C a and C b for the 

5 Cf. Nallino. Batt. I. p. 237. note 1 and II. p.238. 

6 Gesamtausg., p. 339. 9f. 

7 Werke III. p. 73. 12 and p. 172 respectively. 
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vertices A and B. respectively. The ellipse itself lies inside the larger and outside 
the smaller of these two circles of curvature. 

In Fig. 34 we represent one quadrant of the orbit of Mercury in the same 
fashion. Table 2 (p. 1097) tells us that OF 12 1/2 when OB = FA = 60. The resulting 
circles of curvature are AA' with center C a and BB' with center C b .The actual 
ellipse bridges the narrow gap between these two circles. Below the diagram for 
Mercury there is drawn, in the same scale, the triangle OC a C b for the “highly 
eccentric” orbit of Mars. It is clear that the thickness of the lines in our drawings 
would suffice to connect the two circles of curvature into one "ellipse.” consisting 
of two almost identical circular arcs. For the remaining planets the scale of our 
drawing does not allow us to distinguish O from thecentersof curvature and the 
orbital ellipse would have to be drawn as one single circle. 

I think it is obvious from these diagrams that the elliptic shape of the planetary 
orbits could never have been detected on purely geometrical grounds, were it 
not for the variation of the velocity which depends on the eccentricity e and not 
on the shape of the curve with respect to O. The dimensions shown in Fig. 34 
go far in justifying the use of an eccenter model. 

§8. The Inequalities of the Lunar Motion 


Since “ancient" — that is pre-Newtonian — astronomy is only concerned 
with the development of cinematic models a discussion of dynamical principles 
could be completely avoided here. Nevertheless, it seems desirable to describe 
at least in general outlines the connection between the phenomena established 
one by one during about two millennia of astronomical theory and practice and 
the explanations furnished by the theory of gravitation based on concepts of 
dynamics. Such an attempt is the more justified as it can give at least some idea 
of the type of argument which Newton used in his monumental discoveries, 
arguments which are usually no longer transparent in the modern form of 
analytical presentation which incorporates all of the enormous progress made 
by the great mathematicians of the 18th and 19th century. 

The following is not more than a sketch, in simplest possible terms, of some 
typical applications of principles of mechanics to the solar perturbations of the 
earth-moon system. But this should suffice to make such empirically established 
facts as the rotation of the apsidal line or the recession of the nodes intelligible 
as elements of a much larger picture that eventually was to include the finest 
details in the motion of the planets and their satellites. 

It is obvious that the forces of mutual attraction lie in the plane determined 
by the three bodies earth (E. mass m x ). moon (M, mass m 2 ). and sun (S. mass m 3 ), 
acting in the directions of the sides of the triangle EMS (cf. Fig. 35). For the 
understanding of the perturbations to which the moon is subject one is particularly 
interested in forces which do not coincide with EM and ES because such forces 
alone cause only fixed elliptic orbits for M and ,S. In order, furthermore, to use 
the earth as the reference system one must add forces acting equally on all three 
bodies but in a direction opposite to the attractions on E by M and by S. Conse- 
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quently not only a force (m i +m 2 )/r 2 is acting on M, beside one m 3 /s 2 toward S, 
but also one m 3 /r' 2 in a direction parallel to SE (cf. Fig. 35). Hence the perturba¬ 
tions of S on M consist in a force (depending only on m 3 and the distances r' 
and s) directed toward ES, i.e. toward the ecliptic. Since the latter will be used as 
plane of reference it is reasonable to split this force of perturbation into orthogonal 
components, one being vertical to the ecliptic (hence influencing the moon’s 
latitude and nodes), the others in the plane of the ecliptic acting on the Kepler 
ellipse which one may assume for the undisturbed motion. We ignore the per¬ 
turbations acting on the sun. assuming consequently that the sun moves in a 
fixed ellipse (or circle) about E. 

Since we are aiming only at qualitative explanations we shall introduce 
simplifications whenever convenient without worrying about the possible errors 
in a quantitative treatment. The eccentricity, e.g., of the lunar orbit is only about 
0.055 hence we shall occasionally consider the orbit as simply circular. 1 The 
inclination of the orbit can also be ignored unless we are dealing specifically 
with latitudes and nodes. The angle 0 at S in Fig. 35 is at most about 9 minutes 
of arc and thus may be assumed to be zero in certain cases. On the other hand 
our figures must greatly exaggerate small forces or eccentricities, badly distorting 
relative distances. For r% 2, e.g., one should have r' .v =s: 900. The masses are 
/Hj = l. ni, 10~ 2 , m 3 3 - 10 5 thus the vectors at E should be 4- 10~ 2 and 3/8, 
at M 1 4 and 3/8, at S 8 • 10" 5 and 8 -10 “ 1 . 

In a discussion of the discoveries of lunar inequalities actual numerical data 
are required. For this aspect of the problem the reader should turn top. 1106IT. 

It must be our first goal to obtain an overall impression of the forces acting 
on the moon. We assume a circular lunar orbit and call a radial force R positive 
when it is directed away from E. while a tangential force T is reckoned positive 
when agreeing with the orbital motion of the moon. Letusassumethatall constants 
are normed in such a fashion that R= — 1, T = 0 for the undisturbed circular 
motion. Let furthermore i] be the elongation of the moon from the sun (cf. Fig. 36) 
and w the square of the ratio n'/n where n and n' denote the rotational velocities 
of sun and moon respectively, thus 


/n'\ 2 / 27.32 \ 2 _ 1 _ 1 

*l 365.26/ ~ 178.7 ~7S0' 


( 1 ) 


It is then possible to show by elementary means 2 that 


_ 3 w w 

R = — 1 + cos 2t]+ — 


T = 


3 iv 


sin 2 1 ], 


( 2 ) 


This tells us that in the syzygies (?/ = 0) the moon is pulled away from E with the 
force 2 w, in the quadratures (»/ = 90°) attracted to E with the force w. Formula (2) 


' cr. p. 1443, Fig. 34. 

2 Cf.. e.g.. Mobius, Werke 4. p. 155-165 or Herschel, Outlines art 675 f. (giving erroneously r/ = 64;14 
instead of (3)). 








VI B 8. Lunar Motion 


1105 


also allows a simple geometrical construction of the perturbing forces R' = R+1 
and T at intermediate elongations (cf. Fig. 36). Obviously R’ = 0 for 1 +3 cos 2i/ = 0 
which is the case for 

// —54;44°. (3) 

Hence we find for the perturbations a distribution as shown in Fig. 37. remi¬ 
niscent of the tidal forces which produce high tides always at two diametrically 
opposite points of the earth. 

The forces of perturbation are constructed in Fig. 37 to scale among themselves. 
A scale relation to the constant attraction R = — 1. however, is out of the question 
since (1) shows that the constant vector ME should be about ISO times as long 
as w. It is a most remarkable fact that the relative minuteness of the disturbing 
forces in combination with almost invisible deviation from circular orbits produces 
such drastic effects as the motion of the apsidal line or of the line of nodes. 

In order to describe the effect of the tangential and of the normal component 
of a perturbing force one makes use of a relation which connects the length a of 
the major semiaxis of a Kepler ellipse with the velocity t- in the orbit at a point 
which is at a distance r from the focus E: 

_L-.2__.fi 
a r c 

r being a constant. This formula shows that for a given r the semiaxis a increases 
when v increases and that the rate of change of a is gi\en by 

do 2crv dr ^ 

dr c d ( 

Let Fig. 38 represent the instantaneous elliptic orbit of M moving in 
counterclockwise direction. Let an additional force operate at M. acting in 
tangential direction. Such a force will increase r and therefore a but it will not 
change the direction of the tangent. Therefore the angles of EM and of MF with 
the tangent remain the same and the new semiaxis a'>a will move the second 
focus from F to F' such that MF' = 2o' — r. Consequently the apsidal line will 
recede from the position EF to EF' and the eccentricity will increase from 
e— 1/2 EF to e’= 1/2 EF'. 

If M were to receive the same tangential acceleration at any other position 
of its orbit the locus of F' would be a little circle with center F and diameter 
a’ —a. The apsidal line will then experience a maximal displacement when M is 
located practically perpendicular above or below F but then e remains unchanged. 
The effect on e, however, has a maximum for M in apogee or perigee when the 
apsidal line coincides with the original one. 

If M were subject to the same tangential perturbation during a complete 
revolution the apsidal line and e would oscillate about a mean position. Fig. 37. 
however, shows that the tangential forces of the solar perturbations vary greatly 
in amount and direction during each synodic revolution. The mathematical 
theory of perturbation shows that the accumulated effect of these varying forces 
is a progressive displacement of the apsidal line, well-known since antiquity. 
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The effect of a norma! force will tend to change the curvature of the orbit, 
i.e. it will change the direction of the tangent The velocity, however, will not be 
affected by a force normal to the direction of motion; thus (5) shows that a 
remains unchanged. Consequently (cf. Fig. 39) the direction MF will be changed 
by twice the amount of the change in tangential direction but the new focus F' 
will be at the same distance from M, i.e. MF=MF'. Hence the apsidal line 
recedes to a position EF' and the eccentricity increase to e' = l/2EF'. 

To obtain by this kind of arguing even qualitatively correct results it is 
necessary to make e small enough (still much larger than in fact in order to remain 
recognizable) such that the orbit becomes nearly circular (cf. Fig. c»9). That 
means that MF = MF' is nearly constant and not very different from EM = r(«4 
For the same change of direction at different positions of M the arc FF' will 
remain nearly of constant length and almost perpendicular to MF. Consequently 
F' is seen to move in a small circle about F. The maximum displacement of the 
apsidal line will now occur when M is at the apogee or perigee, with no change 
of e; a position of M nearly vertically above or below F causes a maximal effect 
on e but none on the apsidal line. The variability of the perturbing forces again 
greatly modifies this simple picture. 

Since the orbit of the moon is inclined toward the ecliptic the perturbation 
caused by the sun also produces a component perpendicular to the moon’s orbit 
directed toward the ecliptic (cf. Fig. 35, p. 1443). Such a force will tend to change 
the inclination of the instantaneous orbit and with it the position of the nodal 
line. In a situation as depicted in Fig. 40, e.g., the new nodal line will come nearer 
to M in comparison to the undisturbed orbit; thus, with respect io the motion 
of M, the nodal line recedes. If one applies the same argument in each of the four 
quadrants with respect to the line of syzygies one sees that a force directed toward 
the ecliptic always causes a recession of the nodal line. Thus is explained a phenom¬ 
enon well known since antiquity, comparatively easy to detect through the 
shifting positions of lunar eclipses. The changes of inclination of the orbit, however, 
is only periodic since opposite effects take place on opposite nodes. Hence the 
period of this perturbation is only about 14 days. Another and much larger 
periodic change of the inclination depends on the relation of the direction of the 
nodal line to the direction to the sun; consequently this period amounts to about 
half a year. 


1. Longitude 

The modern theory of perturbations gives the following major terms for the 
correction of the mean longitude ?. of the moon, leading to the true longitude /: 

(I) 2 = 1 - 6;17,19° sin a + 0; 12,48° sin 2 a 

(II) — 1;16,26° sin (2i/ — a) 

(III) +0;39,30° sin 2Fj 

(IV) -f 0;11, 9° sin 5 q 

(V) —0; 6,54° sin 2co 

(VI) —0; 2, 5° sin i/4— 
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where we are using the same_ notation as in I B for the Ptolemaic model, i.e. 
5 for the mean anomaly, 3 »7= / — /. Q for the mean elongation; w = /. — Q where Q 
is the (mean) longitude of the ascending node. 

In the syzygies, i.e. for ij =0 or 180°, the terms (I) and (II) combine to 
= — 5° sin a which is the “first inequality” of the ancient lunar theory. The 
term (II) by itself is called the “evection”; it maximizes the effect of the anomaly 
in the quadratures, i.e. at )7=±90°. For its relation to Ptolemy's “second 
inequality” cf. below p. 1108. The term (III) is the “variation” discovered by 
Tycho Brahe (cf. below n. 1109f.). For the “annual equation” (IV) which has 
the anomalistic year for its period cf. below p. 1110. 

The next term. (V), is the “reduction to the ecliptic," expressing the fact that 
the plane in which the moon moves is inclined to the ecliptic in which longitudes 
are measured. Ptolemy knew this term but considered its effect small enough 
to be ignored. 4 The last term, (VI), is called the “parallactic equation” because 
its coefficient is proportional to the ratio of the mean distance of the moon to 
the mean distance of the sun, i.e. to the ratio of the sine of the solar to the sine of 
the lunar parallax. 5 Its effect falls below the accuracy of naked eye observations. 


2. Latitude 

The description of the lunar latitude /> requires only two terms: 

(I) /?:t5;9° sin co 
(II) +0;8.48° sin (2>/—«)+••• 

since the coefficients of all subsequent terms remain between ±0:0.30°. The 
term (1) corresponds to the ancient model of an orbital plane of fixed inclination. 
Term (II) is the analogue to the evection of the longitudes. For Tycho Brahe’s 
account of this effect cf. below p. 1111. 

As a consequence of the two above given terms one can derive equivalent 
relations for an instantaneous position of the orbit. 6 Thus one finds that the 
orbital inclination i undergoes periodic variations around the mean value f = 5;9: 

,-=7 + 0;8,4S°cos2(;. o — Q). (1) 

Hence, when the sun is in the nodal line, the inclination takes its extremal value 
of about 5;18°, but / is at its minimum, ~5;0°, when the direction to the sun is 
perpendicular to the nodal line. 

Similarly the recession of the nodal line is not uniform (as was assumed until 
Tycho Brahe) but the true longitude Q of the ascending node oscillates about the 


3 Modern astronomy counts the anomaly always from the perigee whereas our 5 = 0 at the apogee: 
consequently signs in (1). (II). and (IV) differ from the modem norm. 

4 Almagest IV. 6 (Man. I. p. 219. 10-15). 

5 Cf.. e.g.. Moulton. Cel. Mech. No. 196 (p. 352). 

6 Cf.. e.g.. Moebius. Mech. d.H.. !;142. 
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mean value Q according to 

G*fi + l;38 0 sin2(;. 0 -Q). (2) 

For eclipses, when the sun lies in the nodal line, this effect vanishes. 


3. Bibliographical and Historical Remarks 

The discovery and clear distinction of all lunar perturbations which lie within 
the limits of accuracy inherent in naked eye observations must be counted among 
the most remarkable achievements of early science. Thus was prepared the basis 
upon which Newton’s dynamics could build and uncover a unifying principle 
of explanation for a great variety of apparently disconnected effects. 

The following is intended to relate the discovery of the major short periodic 
perturbations to some of the data in the modern theory. 

A. Election 

The two greatest contributions of Ptolemy to celestial mechanics are un¬ 
doubtedly his analysis of the lunar inequality now known as .“evection” and the 
introduction of the “equant” into planetary' theory. 1 In 1B4 we discussed in 
detail Ptolemy’s dealing with the “second inequality” of the lunar motion. The 
customary identification with the modem “evection” ((II) on p. 1106) is not 
strictly correct in a mathematical sense since Ptolemy assigned to the second 
inequality a maximum of 2;39° beyond the 5; 1 0 of the “first inequality” (our (I)). 
It is therefore only the total 7;40° and the phase which agree closely with the 
modern sum (I)-+-(II) 7;34° (cf. p. 1106). 

The situation is still more complicated by the effect of the so-called prosneusis 
(“inclination” 2 ). Stumpffhas shown 3 that Ptolemy's lunar theory' is the equivalent 
of the following expansion (ignoring the reduction to the ecliptic, i.e. (V) on 
p. 1106): 

(I) A —A — 6;14° sin x+0;19° sin 2a 

(II) — 1 ;16° sin (2if — 5)4— 

which not only compares favorably with the expansion given above (p. 1106)but 
which would produce a term with 2i/+a as argument had the mean anomaly 
not been reckoned according to the norm of the prosneusis. 

The only essential improvement of Ptolemy’s lunar theory' during the Middle 
Ages consists in the replacement of his crank mechanism 4 by a nearly equivalent 
double epicycle arrangement which had the great advantage of avoiding the 
exaggerated changes of the geocentric distance of the moon, vitiating Ptolemy's 


1 For the origin of the term “evection” cf. below p. 1109; for the “equant" above p. 155. 

2 cr. I B 4. 2 B. 

3 Stumpff. Himmelsmech. I. p. 38-41. Bulliaidus. Astr. Phil. Book III. Chap. XII. p. 173f. suggested to 
see in Ptolemy's prosneusis an effect of the third inequality, the “variation.” 

4 Cf. above p. 85 and Fig. 78 there. 
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model. This improvement is due to Ibn ash-Shatir of Damascus (about 1350) 5 
and again, some 150 years later, to Copernicus. 6 

Appendix. The term "evection". Ptolemy’s "second inequality” of the lunar 
motion received its now generally accepted name “evection” by Ismael Boulliau 
(1605-1694) because of a peculiar model of planetary and lunar motion, designed 
by him to reconcile Kepler’s elliptic orbits with the doctrine of uniform circular 
motion which alone was supposed to maintain itself eternally. The basic idea, 
as described in the "Astronomia Philolaica” of 1645. 7 consists in considering 
an elliptic orbit as the result of the intersection of a certain skew circular cone 
by the orbital plane. The inclination of the cone to the plane of its circular base 
is chosen such that the axis of the cone meets the orbital plane in its second focus 
while the sun (for the planetary orbits) or the earth (for the moon) occupy the 
other focus. The motion of the planet in its orbit is regulated by the uniform 
rotation 8 of the generating line of the cone passing through the planet. In this 
way the planet participates in the uniform and circular rotation of the conic 
surface, resulting in an orbital motion slow at the top and fast at its lower end. 
i.e. at the perihelium. This “explains” the first inequality in a Kepler orbit, 
ignoring, of course, the equal area law. 9 

Real difficulties are caused, however, by the additional inequalities of the 
lunar motion. Here Boulliau takes refuge in a desperate remedy: 10 he makes 
the second focus movable on a little circle such that this focus coincides with 
the earth only once in each rotation (which progresses with the velocity of the 
double elongation). Fortunately the details of this construction do not need to 
be described here; we only need to mention the fact that Boulliau accounts for 
the second lunar inequality by a periodic removal of the second focus front the 
earth, a process which suggested the name “ evectio By similar arguments he 
gave the third inequality the name “reflcctio" 11 but here Brahe's and Kepler's 
“r ariatio" prevailed. 

B. Variation 

It was only with Tycho Brahe that the lunar theory transgressed the traditional 
framework. In a letter of August 12. 1595. to Hagecius 12 he announced the 

5 Roberts [1957], 

6 Cf. Neugebauer [1968. 2], 

7 This huge tome of 725 pages of lext and tables also contains the first publication of observations 
made around A.D. 500 and ascribed by Boulliau to "Thius” (Astron. Philol., Book III. p. 172). 
discussed later on by Delambre in HAA 1, p. 318f. and shown by Tannery (Mem Sci. II. p. I25f.) 
to belong to Heliodorus and his contemporaries. Cf. above p. 1039. 

Of importance is also the publication of the "Persian Tables" (Astron. Philol., second part 
p.211-232). brought to Constantinople and translated around 1300 by Gregory Chioniades and 
commented on in the middle of the 14th century by Georgios Chrysokokkes. Cf. Pingree [1964] and 
Kunitzsch [1964], 

8 In fact the motion is uniform only in so far as the generating line progresses with constant angular 
velocity along the circular base. But since the axis of the cone is inclined to the plane of the base the 
rotation is neither circular nor uniform with respect to the axis. 

9 Delambre. HAM 11. p. 151 f. computed the errors (which reach only about 0:8° for Mars). For 
good measure he added the errors for Pallas and Uranus to the sins of poor Boulliau. 

10 Bullialdus. Astron. Philol. Book 111. Chap. I. p. 104f. and Chap. X. p. 155 IT. Also Tables, p. 127-134. 

11 Astron. Philol. Book 111. Chap. XI. p. 160 and 161. respectively. 

12 Brahe. Opera VII. p. 370. 17-29: English translation: Thoren [1968], p. 165. 
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discovery of a new periodic inequality which he called “variatio.” 13 This per¬ 
turbation depends, as the evection, on the elongation, but not on the anomaly 
(cf. above p. 1106 (III)); its effects are described by Brahe in his“Progymnasmata.’’ 14 
The circumstances of the discovery are fairly well known thanks to the investiga¬ 
tions of V. E. Thoren [1968], 

It still does not seem superfluous to mention a controversy in the French 
Academy, started in 1836 by L.-Am. Sedillot w'ho insisted that Abu’l Wafa {about 
A.D. 970) should be credited with the discovery of the “variation.” This assertion, 
based on some fragmentary passages out of context, w'as finally disproved by 
Carra de Vaux [[1892J who published the whole available text. From this it is 
clear that it was only a superficial description of Ptolemy’s “prosneusis” which 
was mistaken by Sedillot to refer to a new inequality. 

C. Annual Equation 

The existence of an irregularity in the motion of the moon with the anomalistic 
year as period (cf. above p. 1106 (IV)) was discovered independently by Kepler 
and by Brahe. Kepler was led to the problem by his attempt to explain by a little 
fraud 15 the discrepancy between his predictions and the actual events at the solar 
eclipse of March 7,1598. 16 Speculating about a delay of the lunar motion in the 
winter, an acceleration in the summer he came close to the explanation of the 
phenomenon as caused by increased solar attraction near the perigee of the solar 
orbit. 17 

About the same time Brahe had already come to a more accurate description 
of this new inequality, of course without looking for any physical cause. He 
realized the necessity of either further complicating the cinematic model, or — 
an even more desperate remedy 18 - of modifying the equation of time when 
applied to the motion of the moon by dropping the component which is caused 
by the solar anomaly. 19 Consequently Brahe tabulated for the moon an “equation 
of time" depending only on right ascensions. 20 The resulting correction has 
proper phase and sign but its amplitude is only about 0;4,30° instead of 0:11°. 21 
Kepler knew since 1598/1599 of Brahe’s discovery of an annual equation and the 


13 Kepler. Werke 7. p.461.8. 

14 Brahe. Opera II, p. 101, 4-19; German translation; Anschutz [1886/1887], p. 168. 

15 For these rather comical events cf. Anschutz [1886/1887], p. 202-207. 

16 Kepler (in Graz) was not only wrong with respect to time and magnitude of the eclipse but he 
also gave a path from ... Spain, Sardinia. Greece. Egypt. Jerusalem, Babylon, to Persia (Kepler, 
Opera 1. p. 396) which he could not have found by any computation (cf Schrdter. Kanon. Chart 121a 
and our Fig. 41). A year later he changed the path to the “gefrornen Meer hinder Schotland. Nord- 
wegen. Moschau" (Kepler, Opera I. p.409; Anschutz l.c. p. 204), thus again simply assuming a west- 
eastern direction. 

17 Letter to Herwart of Jan.29, 1599 (Kepler, Werke 13. p. 284. 137-155; translated: Anschutz 
[1886/1887], p, 209-210. Cf, however, for Kepler's final opinion Anschutz l.t p.4-12 

18 Apparently suggested by Longomontanus: cf Kepler, Werke 15, p.343.37-44; also Anschutz 
[1886/1887], p. 165 f. 

19 Cf. for the equation of time above p. 1081. 

20 Progymnasmata I; Brahe. Opera II. p. 101 f. 

- 1 Cf. above p. J106 (IV). In a letter to Herwart (August 1600) Brahe estimated- however, this inequality 
correctly as a little in excess of 0;10° (Brahe. Opera VIII. p. 345. 25 f). 
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Mil 


attempts of adjusting the lunar model and the tables accordingly. 22 It seems clear 
that it was only through Brahe's work that the annual equation became a rec¬ 
ognized part of the lunar theory. 23 

D. Latitude and Nodes 

Around 1588 Brahe had come to the conviction that the inclination / of the 
lunar orbit is variable. 24 In 1599. in a letter to Herwart. 25 he specified as limits 
4:58° at syzygies and 5;20° at quadratures. At the same time he stated that also 
the nodes are subject to vibrations around their mean positions with 1:35° as 
amplitude. 

In the Progvinnasmata 26 the limits for / are given as 4;58,30° and 5:17.30°. 
respectively and a definite cinematic model is constructed based on these two 
empirical parameters (cf. Fig. 42). Let A be the pole of the ecliptic. B the pole of 
the mean lunar orbit, thus AB =i. The pole P of the instantaneous orbit is assumed 
to rotate about B on a small circle of radius r with the angular velocity 2/; of the 
double elongation. At syzygies P is at C and the inclination of the orbit is at its 
minimum i — r: at quadratures P is at D and the inclination is greatest i + r. In 
both cases the ascending node N is at its mean position, i.e. N is the pole bf the 
circle ACBD. In Brahe’s model i = 5;8° and r=0;9.30°. In the octants, however, i.e. 
when 2//= 90 or 270. the inclination is at its mean value but the pole, e.g.'at E. 
moves the orbital plane up such that NF=BE=rand the node is displaced'from 
N to G. Hence NG = r/sin 1 = 0:9.30/0:5,22= 1:46° which is Brahe’s value for the 
amplitude of the displacement of the true node with respect to the mean node, 
the “ prosthaphaeresis nodorum." 

It is also easy to show 2, that Brahe’s model is an essentially correct represen¬ 
tation of the relations (IJ and (II). p. 1107 and therefore also of the variation of the 
inclination (1) and the position of the nodesJ2). Let in Fig, 42 M be the moon on 
its instantaneous orbit, thus PM = 90°. Let M be a position on thejnean orbit of 
neady the same distance tu~ro from the mean node N. Thus MB = 90° and 
MM^PP' where MPP' = 90°. Consequently we have a right triangle BP'P in 
which PP' = rsiny, y being the angle P'BP. Since the arc CP is. by construction. 
2 it we have 

y=90 - (2 1 ; - (90+to)) = 1 SO - (2 // - cu) 

thus sin y = sin (2// — co). All angles are so small that MM can be taken as the 
change of lunar latitude between instantaneous and mean orbit. Hence we have 
P ~ 5;S sin co + 0;9.30 sin (2 ?/ — to) 
which is indeed a close approximation of (I) + (II). p. 1107. 

22 CL e.g.. tetter or Herwart to Kepler of July 2?. 1600 (Kepler. Werke 14. p. 138. 61 -72: also Anschutz 
[1886/1887]. p. 164). 

23 Cf. Anschutz [1886 1887]. p. 5 ft. 

24 Cf. his letter to Rothmann of 1589 Febr. 21 (Opera VI. p. 170.3-18) in which he reports about a 
correspondence with Brucaeus (Opera VII. p. 151.28ff.). Cf. also Opera XI. p. 163 (observations in 
15S7). 

2r Opera VIII. p. 161. 13-19. 

26 Opera II. p. 121.40-122. 1: p. 122.38-40: p. 123. 1. 

2 Cf. Dreyer in Brahe. Opera II. p.447 (following Laiande. Astronomic II. 2nd ed. (1771). p.244. 
3rd ed. (1792). p. 191. No. 1495). Cf. also Dreyer. Brahe, p.344. n.2 and Herz. Bahnb. II. p. 116. 
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E. Bibliographical Notes 

A reader with an independent mathematical training will not look for refer¬ 
ences on celestial mechanics or lunar theory in the present work. It might be 
useful, however, to point to the existence of some “antiquated” literature in which 
an attempt had been made to explain in an elementary fashion the physical basis 
for the theory of perturbations. Such works were written in order to help in the 
study of Newton’s “Principia” in which the lunar perturbations were explained 
much in the same way. Thus the following books may be mentioned: 

George Bidell Airy. Gravitation, an elementary explanation of the principal 
perturbations in the solar system. London 1834. 28 

August Ferdinand Mobius, Die Elemente der Mechanik des Himmels auf 
neuem Wege ohne Hiilfe hoherer Reehnungsarten dargestelit. Leipzig 1843. 
Reprinted in Mobius, Gesammelte Werke IV. p. 1-318. 29 

John F. W. Herschel. Outlines of Astronomy. London 1849. Chaps. XII to 
XIV concern .the theory of perturbations. 

HughGodfray, An elementary treatise on the Lunar Theory, with a brief 
sketch of the history of the problem before Newton. 3rd ed.. London 1871. 

Norbert Herz, Geschichte der Bahnbestimmung von Planeten und Kometen. 
I, Die Theorien des Altertums. II, Die empirischen Methoden. Leipzig. Teubner. 
1887, 1894. (The title is misleading since also the theory of the moon is discussed 
in detail: both parts are largely historically oriented.) 

The thesis of P. Kempf [1878] is particularly concerned with Ptolemy’s lunar 
theory. Of modem works on celestial mechanics one should mention K. Stumpff. 
Himmelsmechanik I (Berlin 1959) which contains two introductory chapters on 
the development from Ptolemy to Kepler. F. R. Moulton. An Introduction to 
Celestial Mechanics (2nd ed.. New York 1914) gives many references to the his¬ 
torical development, in particular for the theory since Newton. 


38 Air)' (1801-1892). Astronomer Royal (1834-1881). Cf. Autobiography of Sir George Biddeil Airy, 
ed. by Wilfrid Airy. Cambridge 1896. 

29 Mobius (1790-1868). a pupil of Gauss, professor of astronomy and mathematics in Leipzig: cf. 
Klein, Entw. d. Math. I. p. 116-119. 







C. Mathematical Concepts 

§ 1. Sexagesimal Computations 


Numbers expressed in a system of basis 60 are called sexagesimally written 
numbers. We write the single digits which range between 0 and 59 in our ordinary 
decimal notation. 1 We separate consecutive digits from each other by commas; 
we put a semicolon between integers and fractions. Thus 1.25 means 85 and 
1:30=112=1.5. 

Following ancient custom we often deviate from a strictly sexagesimal notation 
by writing integers decimally, fractions sexagesimally. Hence 125; 17.20 instead 
of 2,5; 17,20. ■; tC . 

Metrological units are indicated only once, always with reference to the 
integers. Hence we write 5;24,20° and not 5°24'20'' or 7;30 h instead of 7 h 30 m,n . 

Cuneiform texts have a special symbol for zero, rendered in our transcriptions 
as a period because it originated from a separation mark. Hence 2.. .5 means the 
same as 2.0.5 and . ,5 is the same as 0.5. 

In working with sexagesimally written texts it is essential not to convert the 
numbers to decimals, to carry out operations decimally and only to change 
results back to sexagesimals. For example a division by 3 results in an infinite 
decimal fraction whereas the sexagesimal division gives a finite number of digits. 
Thus roundings in one system do not mean the same in the other and accurate 
parameters given in sexagesimals may be altered by the transition through 
decimal computations. 

Numbers n which contain no other prime factors than 2.3. and 5 are called 
regular numbers. To be regular is the necessary and sufficient condition for 17? 
to be expressible by a finite number of sexagesimal digits. 

The sexagesimal place value notation, including a symbol for zero, is of course 
of Babylonian-origin. By its adoption in Greek astronomy it also became the 
standard method in Indian, Islamic, and western European treatises and tables. 
The method of writing the single digits is insignificant. The alphabetic notation 
is used in Greek and Arabic texts. Roman numerals in Latin. Hindu numerals 
in Sanscrit. The essential point, common to all. is the place value notation and 
the use of a zero symbol. The modification of this notation to decimally written 
numbers as well, which took place in India, produced the “Hindu numerals” 
which we use now and which appear in slowly increasing frequency in the later 
Middle Ages in Arabic as well as in Byzantine and Latin texts. For the computa¬ 
tional methods this is of very little importance since it does not matter in what 
form the individual digits are written. 

1 Cf. Neugeb.uier [1933] and [1936.2], p. 52 If. 
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§2. Square Root Approximations 


There exist at least two simple methods in antiquity for the approximation of 

square roots. Assume that , 

c = a~ + b 

where a represents some obvious approximation of ]/c. Then 

b 


}Zc = l' / u 2 + b a + - 


( 1 ) 


because =rr +H-tt=o + vt where the last term measures the 

\ 2 a I 4a~ 4cr 

error committed in (1): it will be small if b is small in comparison to a 2 . 

The second procedure is based on the idea that if a represents an approxima¬ 
tion of ]/c then also c/a will be an approximation of ]/c; it will be ]_arger than the 
accurate value of \/c if r/cj/7 and vice versa. In both cases j/c lies between 
and /!,-<•» Tims ^.,, 2 ^ + fi) 

is an approximation nearer to ]/r than x, and /I,. Again: with x 2 also P 2 =c;'y. 2 
is an approximation of y'c and these two approximations lie on opposite sides 
of the accurate value. Hence we can form a 3 = 1/2 (a 2 + /? 2 ), etc. This procedure 
is known as alternating between "arithmetical and harmonic means.” 

Examples. The first procedure suggests itself, e.g.. when one deals with 
Pythagorean triangles. In order to find c from 1 

c 2 = 53;13 2 + 2;41 2 = 53;13 2 + 7-12,1 

we use o = 53;13 b= 7; 12 and obtain from (1) 


l/F*53;13 + - 


7; 12 
A 6 T 26 ” 


:53;17.3. 


Ptolemy gives 53:17. 

As an example for the second method we compute ]/2 and ]/3. using in both 
cases Xj = 1;30 as a first crude approximation. 


\- : 


■ 1;30 




1:30 

? 


1:20 


x 2 = 1;25 /J 2 =-T-^l;24.42.21,... 

1 

x 3 = 1;24,51.10 etc. 


] / 3: a, =1;30 

a, = 1;45 

a 3 = 1;43,55,43 
a 4 = l;43,55,23 



/?2= B5" 1;4 - 51 ’ 26 -- 

P 3 % 1;43,55,3,... 

etc. 


From Aim. XIII. 4 (Heib. II. p. 556). 
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Both approximations are used in the table of chords in the Almagest (II. 11) where 

we find - crd 9 o° = j/25r 1; 24.51,I0, C rd 120°=y3 « 1;43.55.23. 

Of course, agreement with the numerical result is not a proof for the identity of 
methods. In our specific example the value for j/2 is not only found in the table 
of chords of the Almagest but also in an Old-Babylonian text 3 : in neither case 
do we know how the value was obtained. For the method expressed by (1) one can 
only say that it leads in the majority of cases to the same value as given by Ptolemy. 


§ 3. Trigonometry 


Ancient trigonometry is originally based on the function Crd a: which is 
defined by (cf. Fig. 43) 

Crd a = 2 ft sin(1) 

where R in Greek astronomy is usually chosen as 60= 1.0. 

The history of the tables of chords and their use has been described in I A 1,2 
and need not be repeated here. Fig. 44 shows that the following relations hold for 
the solution of right triangles 

a'= —— Crd 2a 

2,U 

b= io Cui2p 


= — crd x 


— crd (180 — 2a) = —- crd 2a 


( 2 ) 


where a denotes the angle 90 —a. Hence the equivalent of our function tana is 
given by 


b crd 2 a 


Unfortunately this function was never tabulated in antiquity. 

For the general triangle (cf. Fig. 45) the analogue of the sine theorem is fre¬ 
quently used 

a crd 2a 

~b = crd 2 P ] 

Ancient trigonometry is made clumsy not only by the lack of a tabulated 
tangent function but also by the difference in units for the measurements of 
distances ( R ) and arcs (degrees). This is. e.g., evident if one considers the differences 
in a table of sines. Since the derivative or sin a is cos a one would have in the dif¬ 
ferences an easy check for the computation of a table of sines. If. however, a is 
measured in degrees and if we denote R sin a by Sin a, R cos a by Cos a. we see 


’ We ignore here the factor R= 1.0. Cf. above p. 22. 
3 Neugebauer-Sachs. MCT. p. 42f. (YBC 72S9). 
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that 


A Sin a 
A % 


R A sin 0 



n 


Rn 

Iso 


cos 9 


(5) 


(0 being measured in radians). 

In Hipparchus’ table of chords and in certain Indian trigonometric tables 1 
the radius R is chosen to be 


R = 


180 


;57;1S 


( 6 ) 


such that the coefficient in (5) becomes the value l. 2 Nevertheless the table for 
Sin y. has only cos a as its difference sequence instead of R cos a = Cos x. 

Similarly detrimental for the development of trigonometry' was the selection 
of special units for g in the “shadow” function g cot x which prepared the way to 
the function tan a and thus to the systematization of trigonometry. 

For spherical trigonometry cf. p. 26ff. 


§4. Diophantine Equations; Continued Fractions 
!. Euclidean Algorithm 

In the following all letters denote non-negative integers. We also assume 
always that 

a>b> 0 (1) 

and that a and b are relatively prime, i.e. that their greatest common divisor is 1. 

The following sequence of divisions which begins with the division of a by b , 
producing a quotient q 0 and a residue r,, is known as the "Euclidean algorithm'’ 1 : 

<' = <Jo b +'! 
b = q 1 r, +r 2 

>\ = 9 2 r 2 + r 3 C) 

r n-l = 4n r n + r n+l ’ 

Obviously the remainders form a decreasing sequence 

»i > 0 >' 3 > "' = 0. 

If r n + 1 is the last positive remainder in this sequence and if it had a value 
then we would have 

r n — ‘Jn + l ( n + l — fln + l C 

1 Cf. below p.1132 and Table S there. 

’ The value of n which would lead exactly to (6) is ?;R,2S.54,... (instead of 3:8.29.44, ...). 

1 Cf.. e.g.. Heath. Euclid II. p.299. 







VIC4. 1/2. Diophantine Equations 


1117 


and 

V-i=9„ r n + r„ + l =(q n q„ + 1 + l)c 
would have in common with r n the factor c> 1. Therefore 

'n~’ = 4n-l r n-l +' n 

would also contain c and so forth to r,, b. and finally a: but this is a contradiction 
to our assumption that a and b were relatively prime. Thus the Euclidean algo¬ 
rithm for relatively prime numbers a and b must end in 

r .-l=9n'n + 1 - 

If we wish to add one more step in the sequence of divisions we may write 


*n + 1 ( n +1 ’ L +1 ^ ' 

Example: a = 242.h = 223. 


242= 1 

•223 + 19 

223=11 

• 19+14 

19= 1 

U i ; 

• I -r T ^ 

14= 2 

■5+4 

5= 1 

•4+ 1 

4= 4 

• 1 


i 

0 1 

O 

z. 

■j 

Jl 

4 = » 5 

9i 

1 11 

1 

2 

I 4 

'V 

19 

... 

14 

5 

4 1 


Remark. The Euclidean algorithm can be used for the determination of the 
greatest common divisor e of any pair of integers a' and b'. If c> 1 one can therefore 
always replace the pair a' b' by a pair of integers a — a/c, b — b'/c which are relatively 
prime. 


2. Linear Diophantine Equations 


To solve a linear diophantine equation means to find integers x and y which 
satisfy the relation 


ax—by=c. 


(3) 


Obviously we have solved (3) if we are able to solve 

ax — by = 1 


(4) 


because if.v and y are solutions of (4) then cx and cy will be solutions or (3). It is 
equally obvious that (4) has no solution if a and b are not relatively prime since a 
common factor c> 1 on the left-hand side of (4) cannot produce 1 on the right- 
hand. 
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The method for solving (4) described in the following goes back at least to 
Bhaskara (about 1150 A.D.)' but might well be many centuries older. 3 Essentially 
the same procedure was rediscovered by Bachet in 1624. 4 

In describing the general idea for solving (4) we use the above notation for 
the quotients and residues of the Euclidean algorithm. Accordingly 




and hence 


a x — 1 


--q 0 x -\—- 


r. x-l 


b JU b 

This shows that y will be an integer if x is an integer such that 

.. '.*-1 


(4 a) 


(4 b) 


is an integer. In other words, we have solved (4) if we can solve another diophantine 
equation, namely 

by i -r 1 x=-l. (5) 

This equation has smaller coefficients than (4) because a>b>)\. 

Repeating this argument we see that the solution of (5) depends on solving 


and so forth until 
where 




'n-lbn-'n V n _l=(-l) n 

r n-I=‘?n r n+ r n + l=fin''n + 1 


( 6 ) 

(7) 

( 8 ) 


because we had to assume that a and b are relatively prime. Solving (7) for r n _, 
we find with (8) that 




•n- J r r 


(8 a) 


will be an integer if 




is an integer, i.e. if we can find an integer solution of 

'nd’n + i — v„= —( — IT- 
Let us assume that n is even, i.e. that 

(-!)"= 1 - 


Then a solution of (9) is 


>’„=!■ 


(9) 

( 10 ) 

( 11 ) 


2 In the Lilavati. Cf. Colebrooke A AM. p. 112IT.: Datta Singh HM II p. llOff. 

3 A process for solving linear diophantine equations was known to Aryabhata (Ar. II. 31-33. Clark, 
p. 41 IT.), about 500 A.D. 

4 Dickson, Hist. II. p. 44f. 
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But knowing y n we can use (Sa) to find v n _, and going in the same fashion back¬ 
wards we can finally reach (4). 

Before establishing the pattern of this recursive process we show that the 
assumption (10) does not constitute a restriction of generality. Indeed, if n is odd 
we do not conclude the Euclidean algorithm with 




but with 


r n — f?n+l 


r n = <9„ + I -l)-l + l, r n + l=‘7n + l- 


Thus we may always assume that the Euclidean algorithm requires an even 
number of steps. 

We now return to the sequence of diophantine equations which led from (4) 
to (9) and to the solution (11) of (9). All these diophantine equations are. for i<n, 
of the type 

'iJ’i + i ~'i+i . v i = (- l) i+I - 

Consequently 


or. because of (2), 
and 

But again 
and therefore 
Hence 
or 


r :j 


'i+i >' i + (-l) i+1 

'i + i ='V-i-9i r i 

r,_, v. + f-I) 141 




'i-l.V i -'i.V l _i=(-l) i =-(-l) i + 1 

'i-, Vi + (-l) , + ' 

- V i-1 ==< 7i.''i+- v i + , • 


( 12 ) 

This recursive formula not only holds for / < » but also for i = n because substituting 
y n = l from (11) in (8a) gi\es y n _,=g n which we can write, because of (11) as 

I n — 1 fill I n ^ ) n -t 1 ' 

Thus, starting with the values (11) we can find by means of (12) integers y n _j. 
y„_ 2 .r,.y, where y, satisfies the relation 


y = q 0 x + y l 

as is clear if one substitutes (4b) in (4a). If we call 

x =y o- 

we have instead of (13) 

-1 = c Jo .' o T.Vi 

which is (12) for / = 1. 

Hence we ha\ e shown that the solutions of (4) are given by 


(13) 

(14) 

(15) 


x = q ] y, + .v 2 , y = q 0 x + y l 


( 16 ) 
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where y 2 and 35 are known by the recursive formula ( 12 ) which begins with the 
values ( 11 ): 

y n -,=o, y n = 1 . 

Having found one solution x. y of 

ax-by=l (4) 

it is clear that we have found infinitely many solutions because also 

x' = x + kb , y'=y + ka (k a positive or negative integer) (17) 

satisfies (4); but it is also obvious that these are all possible solutions. In other 
words: all solutions x are congruent to one another modulo b, all solutions y 
modulo q. 

Example: a = 242, b = 223. 

The quotients q t (/ = 0, 1,.... 5)are known to us from the Euclidean algorithm 
(cf. p. 1117); and sincer 5 = 1 we have ;i = 4. Consequently the recursion (12) begins 
with y 5 = 0, y 4 = 1. Since q A = 1 we have 

3*3 =94 3*4+3*5 = E 

Then, with q 3 = 2 

3*2 = <73 3*3 + 3 4 = 2 • 1 + 1=3 
and so forth as shown in the following tabulation: 


/ 

-1 0 

1 

2 

3 

4 = 17 

5 

i 

c h 

l 

11 

1 

2 

1 

4 

<7i 

3’i 

51 —y 47 = x 

4 

3 

1 

3-4=1 

3*5 = 0 

3’i 


All solutions of 
are therefore 


242x—223j’=l 


x=47 +k -223, y=51 +k ■ 242. 

The smallest positive solutions are x = 47, _y = 51. the smallest negative solutions 
x= —176, j’= — 191. 


3. Continued Fractions 5 


We assume again for two relatively prime integers a and b 

a>b> 0 ( 1 ) 

and we apply the Euclidean algorithm as in (2), p. 1116. By using the abbreviations 


a 

~b 


--x 0 . 


- = x t 


- X , 


1 




( 18 ) 


5 From Lagrange (1736-1813) in an addiuon to Euler's Algebra (1807); application to diophantine 
equations in 1768. 
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the Euclidean algorithm takes now the form 

1 


x o — <?o ‘ 


: C] l -f - 


1 


X n-l-‘7n-l +' 


1121 


(18 a) 


or, combined: 


■-'7o+' 


X „ = 9n+- 

X n+1 = 4n*l 

1 


C h + 


1 


Ql + 


+ - 


9 n+' 


t/n - 


(18b) 


We say that (IS a) or (IS b) represent the expansion of a/b into a continued fraction. 
For the sake of convenience one writes instead of (ISb) 


■ = (9o-9 1.fin * t/n + 1 )‘ 


Obviously we can also write 


= . + 


(18c) 


(ISd) 


which means that the number of terms either in (18c) or in (ISd) is even. Thus 
we may always assume that n is even 6 

Theorem. If we define n+2 pairs of integers a j and b t by the recursive formulae 


then 


a 0 1 » C, l ~ C io- a i-H 

b 0 = 0’ *i = l- fe i+ i 

= + /=1 , 

= 9i&i + Vi- 

,,/i+l 

(19a) 

a a i x i + a i _ l 

for i=l, 2,n +1. 


(19b) 

b fts-Vj + fr,., 



Proof. From (IS) and (1Sa) it follows, using (19a): 

a = 9o x i + 1 _ «i x i + a o 
b Xj b 1 x l +b ! 0 


C'f. above p. 1119. 
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which shows that (19b) is correct for /=!. We now show' that the validity of 
(19b) for any ijg 1 implies its validity also for /+1. Indeed it follows from (18a) 
that 

.. 9i-V 1 + 1 

X i+1 

and therefore from (19 b) 

a _ fl i (g i .Y i+l +n + fl|-i Xj+1 U' i c I, + a i-O x ^i+ a ; 

b V^i+i + ^ + ki-i^i+i ( b i<]i + b i-i) x i+i+ b i 

and with (19a) 

a _ a i + 1 x i+l + a, 
b h i + 1 .\' i+1 +/> i 

q.e.d. 

From the representation of the value a/b by means of the terms of a continued 
fraction one can derive an important conclusion concerning approximations of 
a given ratio. 

It is clear from (18b) and (ISc) that a continued fraction of given length can 
always be broken at an arbitrary point in two shorter fractions because it follows 
from (18 a) that 

X 0 = (%-<h’ 

- v i = b?n 9 i + i * ---> 9 n + i)- 
From (19b) and (IS) it follows that 


9i > — Q\-\' *'i) 


a \ x i + a ;-i 
b i x ; + b ;-i ' 


This is an identity in x t . Consequently we may use for x { the value q.. Then we 
have because of (19a) 




•<7i) = 


b ;<li + b i-i 


Cl; 


+ 1 


( 20 ) 


The expression (q 0 , q x ,.... q i _ i . q { ) on the left-hand side is an approximation 
of a/b. obtained if one computes the continued fraction (18b) only to the term q v 
Thus we see from (20) that the consecutive rational numbers 


a i a 2 «i 



are the successive approximations 


9o’ •••> (do - 9i» •••> ••• 

of a/b. 

We now shall show that these successive approximations lie alternately below 
and above the value a/b and that the amount of the deviation is monotonically 
decreasing. 

It follows from (19a) that 


a i + 1 b.- ai b i+1 =a i _ 1 b i -a i b i _ l 
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Therefore in eeneral 


or 


or. for i=1.2.»+1 

(- l) i+l (tf i + i bil 

Because of (19a) the right-hand side has the value 

-tao-o-i • d= + i. 

(-ir i (a i+ 1 b-a i b i + 1 )=l 

a i + i b ;-a i b i+i =(-\Y +i . 

For the differences of consecutive approximations we obtain with (21) 

a, a i + l _ a i b i + l -a^ 1 b i . t " 1 ) 1 , = 1 2 .„+] 

h i~-, V’i-t v^.i. ' 

Since, because of (19a), 

b i + i > b ; 

we see that the differences (22) decrease monotonically but are of alternating 
signs. 

For the last step we find for t = n + 1 from (19 b). (IS b). and (19 a) 

a «„ + . *n + . + Cl n _ «n o9n + l+«n _ «„ + 2 


( 21 ) 


( 22 ) 


b &„+,*„+, +b n b n + i cj n + l +b n b n + 2 


Thus the sequence 


a a 1 

Tr =q °-T 


b n +1 b n + 2 


(23) 


represents with increasing accuracy the value of a/b, being alternately below 
and above the final value a/b. It also follows from (21) and (23) that 


x = />„ + ,, y = « n 


is a solution of the diophantine equation 

ax—by= 1 . 

Indeed, for even n. we have for /' = /!+1 from (21) 

«n + 2^n + l-«„ + l /, n + 2= 1 


and from (23) 


«n + 2=«- 


(24 a) 

(24 b) 

(23) 

(26) 


since (25) shows that a n ., and h n + , must be relatively prime. Thus (24a) satisfies 
(24 b). 

Finally it should be noted that the restriction to even values of n is not 
essential. It is easy to see that for odd n one obtains by (24a) a solution of 
ax — by = — 1 which can be transformed into a solution of (24b) by changing ,\ 
modulo b and r modulo a. 
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Example and Applications. For a — 242, b = 223 we know from p. 1117 that 
?47 

^=- = (1, 11, 1,2, 1,4) = (1, 13, 1,2, 1,3, 1). 

From (19a) we therefore obtain either 


i 

0 

1 

2 

3 

4 = n 

5 

6 

9i 

1 

11 

1 

2 

1 

4 


flj 

1 

1 

12 

13 

38 

51 

242 = a 

b; 

0 

1 

11 

12 

35 

47 

223 = 6 


i 

4 

5 = n 

6 

7 

<7i 

1 

3 

1 


a \ 

... 38 

51 

191 

242 = a 

U 

ac 

A1 

1 

223 = 6 

u i 

... 




The fact that a and b must be the final result of the recursive process constitutes 
a convenient check for the correctness of the computation. 7 

Hence we have found the following sequence of successive approximations 
for 242/223 


i 

1 

2 

3 

4 

5 

6 

a ; 

1 

12 

13 

38 

51 

191 

h 

11 

12 

35 

47 

176 


If we express these ratios by means of sexagesimal fractions we obtain the two 
following sequences 

too great: 1 ;5,27,... 1 ;5,8,17,,.. 1 ;5,6,49,... 

too small: 1 1;5,0 1 ;5,6,23,_ 

which both converge toward 242/223= 1;5,6,43, 

The possibility of obtaining by means of continued fractions successive 
approximations of a given ratio a/b is of great practical importance. The numbers 
a and b chosen in our examples come from the relation (known as the “Saros 

242 draconitic months = 223 synodic months. 

Consequently we can say that eclipses can recur approximately after 11 or after 
12 months, or after 35, or 47, or 176 months. 8 


7 Note that we have Tor 11 = 5 the solutions of the diophantine equation ax-by= 1. Cf. p 1120. 

8 These numbers concern eclipses related to the same node. 
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Another example may be taken from a ratio given for Jupiter by Aryabhata 9 : 


Since 


6,15,0 years = 31,37 sidereal rotations. 


a 6,15,0 
T = 31,37 


= (11, 1.6. 5. 2. ...) 


one finds the following approximations 


/ 

0 

1 

2 

3 

4 

5 ... 

01 

11 

1 

6 

5 

2 


a i 

1 

11 

12 

S3 

427 

937 ... 

bJ 

0 

1 

1 

7 

36 

79 ... 


Thus, beginning with / = 2, we have the following relations 

12 years = 1 rotation 
S3 years 7 rotations 
427 years ~ 36 rotations, etc. 

The first is the crude 12-year period of Jupiter, the second is used in the Babylonian 
“goal year texts”, 10 the third is the basic relation for the Babylonian “procedure 
texts”. 11 


9 Arvabh. I. 1 (irsl. Clark, p. 9). 

10 Of. p. 554(1). 

" Cf. p. 390 (10a). 





§ 5. Tables 

1. Sexagesimal Computations 

Table 3 permits the change of sexagesimal integers to decimals, and vice 
versa. Examples: 

by direct entry: 7.0.0 = 25 200 

with addition: 28.0.0=90000+10800=100800 

in verse: 26 000 = 25 200 + 780 + 20 = 7,0,0 + 13.0 + 20 = 7,13,20. 

Table 4 gives the sexagesimal equivalents of the decimal fraction from 0.01 
to 0.99. Table 5 is the basic sexagesimal table of multiplication up to 1,0,0. 

The sexagesimal reciprocals of the numbers from 1 to 60 are listed in Table 6. 
None of the finite reciprocals can have more than 3 disits. If a three-digit number 
shows at the end a comma the full expansion requires infinitely many digits (of 
course periodic). Digits beyond the third place are not rounded but simply 
truncated; if the first omitted digit is S:30 then this is indicated by a dot. 


Table 3 


n 

n,0 

H.0,0 

n,0,0,0 

n,0,0,0.0 

i 

60 

3600 

216000 

12960000 

2 

120 

7200 

432 

25920 

3 

ISO 

10S00 

648 

38880 

4 

240 

14400 

864 

51 S40 

5 

300 

18000 

1080 

64800 

6 

360 

21600 

1-296000 

77760000 

7 

420 

25200 

1 512 

90720 

S 

4 SO 

2SS00 

1728 

103680 

9 

540 

32400 

1944 ■ 

116640 

10 

600 

36000 

2160 

129600 

15 

900 

54000 

3240000 

194400000 

20 

1 200 

72 

4 320 

259200 

25 

1500 

90 

5400 

324000 

30 

1 800 

108 

6480 

388800 

35 

2100 

126 

7 560 

453600 

40 

2400 

144000 

8640000 

518400000 

45 

2 700 

162 

9 720 

583200 

50 

3000 

180 

10800 

648000 

55 

3 300 

198 

11880 

712800 

60 

3 600 

216 

12960 

777600 
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Table 4 


0.00 

© 

O 

o 

0.20 

0:12 

0.40 

0;24 

0.60 

0;36 

0.80 

0:48 

01 

0.36 

21 

12.36 

41 

24.36 

61 

36.36 

81 

48.36 

02 

1.12 

■yy 

13.12 

42 

25.12 

62 

37.12 

82 

49.12 

02 

1.48 

23 

13.48 

43 

25.48 

63 

37.48 

S3 

49.48 

04 

2.24 

24 

14.24 

44 

26.24 

64 

38,24 

84 

50.24 

0.05 

0: 3 

0.25 

0:15 

0.45 

0:27 

0.65 

0;39 

0.85 

0;51 

06 

3.36 

26 

15,36 

46 

27,36 

66 

39,36 

86 

51.36 

07 

4.12 

27 

16.12 

47 

28.12 

67 

40.12 

87 

52.12 

08 

4.48 

28 

16,48 

48 

28.48 

68 

40.48 

88 

52.48 

09 

5.24 

29 

17,24 

49 

29,24 

69 

41,24 

89 

53,24 

0.10 

0; 6 

0.30 

0:18 

0.50 

0;30 

0.70 

0;42 

0.90 

0:54 

11 

6.36 

31 

18,36 

51 

30.36 

71 

42.36 

91 

54.36 

12 

7.12 

32 

19.12 

52 

31,12 

72 

43.12 

92 

55.12 

13 

7.48 

33 

19.48 

53 

31.48 

73 

43.48 

93 

55,48 

14 

8.24 

34 

20.24 

54 

32,24 

74 

44.24 

94 

56.24 

0.15 

0; 9 

0.35 

21 

0.55 

0;33 

0.75 

0;45 

0.95 

0:57 

16 

9.36 

36 

21.36 

56 

33.36 

76 

45.36 

96 

57,36 

17 

10,12 

37 

22.12 

57 

34,12 

77 

46,12 

97 

58.12 

18 

10,48 

38 

22,/IS 

58 

34,48 

78 

46,48 

98 

58.48 

19 

11.24 

39 

23,24 

59 

35.24 

79 

47,24 

99 

59.24 


Table 5 see pp. 1128 and 1129. 


Table 6 


n 

)\ 


n 

n 

n 

i 

1 

21 

2.51.25.- 

41 

1.27.48. 

2 

30 

22 

2.43.38. 

42 

1.25,42,- 

3 

20 

23 

2.36.31, 

43 

1,23,43, 

4 

15 

24 

2.30 

44 

1.21.49. 

5 

12 

25 

2.24 

45 * 

1,20 

6 

10 

26 

2,18.27,- 

46 

1.18,15,- 

7' 

8.34.17. 

27 

2,13.20 

47 

1.16.35,- 

8 

7,30 

28 

2. 8,34, 

4S 

1,15 

9 

6,40 

29 

CO 

•** 

CN 

49 

1.13,28. 

10 

6 

30 

2 

50 

1,12 

11 

5.27.16. 

31 

1,56, 7,- 

51 

1.10.35. 

12 

5 

32 

1.52,30 

52 

1. 9.13.- 

13 

4.36.55. 

33 

1.49. 5, 

53 

1. 7.55, 

14 

4,17. 8.- 

34 

1,45,52,- 

54 

1. 6.40 

15 

4 

35 

1,42,51, 

55 

1. 5.27. 

16 

3.45 

36 

1.40 

56 

1. 4.17. 

17 

3.31.45.- 

37 

1.37.17.- 

57 

1. 3. 9. 

IS 

3.20 

38 

1.34.44, 

58 

1. 2. 4, 

19 

3. 9,28. 

39 

1.32,18, 

59 

1. 1, 1. 

20 

3 

40 

1.30 

1 

1 
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6 5,54 5.48 5,42 5.36 5,30 5.24 5,18 5,12 5,6 

7 6,53 6,46 6,39 6,32 6,25 6,18 6,11 6,4 5,57 

8 7,52 7,44 7,36 7,28 7,20 7,12 7,4 6,56 6,48 

9 8,51 8,42 8,33 8,24 8,15 8.6 7,57 7,48 7,39 

10 9,50 9,40 9,30 9,20 9,10 9,0 6,50 B,40 8,30 


10,49 10.38 10.27 10,16 10,5 9,54 9,43 9,32 9,21 

12 11,4611.36 11,2411,12 11,0 1 0,48 1 0,36 1 0.24 1 0.12 

13 12,47 12,34 12,21 12.B 11,55 11,42 11,29 11,1611,3 

14 13,46 13,32 13,16 13,4 12,50 12,36 12,22 12,6 11.54 

15 14,45 14,3014,15 14,0 13,45 13,30 13.15 13.0 1 2,45 

16 15,44 15,26 15,12 14,56 14,40 14,24 14,8 13,5213.36 

17 16,43 16,26 16,9 15,52 15,35 15.16 15,1 14,44 14.27 

18 17,42 17,24 17,6 16,46 16,30 16,12 15,54 15,3615,18 

19 IB,41 18,22 18,3 17,44 17,25 17,6 16.47 16,28 16,9 

20 19.40 19,20 19.0 16,40 18,2018.0 17,40 17,2017.0 


21 20,39 20,16 19.57 19.36 19,15 18,54 18.33 1 8,12 17,51 

22 21,38 21,16 20,54 20,32 20,1019,4819.26 19,4 18,42 

23 22,37 22.14 21.51 21,26 21,5 20.42 20,19 19.5619.33 

24 23.36 23,12 22.48 22,24 22,0 21,36 21,12 20,46 20,24 

25 24,35 24,10 23,45 23,20 22,55 22,30 22,5 21,4021.15 


26 25,34 25,8 24.42 24,16 23,50 23,24 22,56 22,32 22,6 

27 26,33 26,6 25,39 25,12 24,45 24,18 23,51 23,24 22,57 

28 27,32 27,4 26,36 26,8 25.40 25,12 24,44 24,16 23.4B 

29 28,31 26.2 27,33 27.4 26,35 26,6 25.37 25,6 24,39 

30 29,30 29,0 26.30 26,0 27,30 27.0 26,30 26.0 25,30 


31 30.29 29.58 29.27 28.56 28.2S 27,54 27.23 26.52 26.21 

32 31.28 30.56 30.24 29,52 29,20 28,46 28,16 27,44 27,12 

33 32,27 31,54 31.21 30,48 30,15 29.42 29,9 28,36 2B,3 

34 33,26 32,52 32.18 31,44 31 ,10 30,36 30,2 29,28 28.54 

35 34,25 33,50 33.15 32,40 32,5 31,30 30,55 30,20 29.45 


36 35,24 34,48 34,12 33,36 33,0 32,24 31,40 31,12 30,36 

37 36,23 35,46 35.9 34,32 33,55 33,18 32,41 32,4 31.27 

38 37l22 36',44 36^6 35.28 34,50 34,12 33,34 32,56 32.1B 

39 3B,21 37,42 37,3 36,24 15,45 35,6 34,27 33,48 33.9 

40 39,20 38,40 38,0 37,20 16,40 36.0 35,20 34,40 34.0 




63 4 2,17 41,34 40,51 40.6 39,25 36,42 37.59 37.16 36.33 

44 43,16 42,32 41,48 41,4 40,20 39,36 38,52 36.8 37,24 

45 44,15 43,30 4 2,45 42,0 41,15 40,30 39, 45 39,0 38,15 

46 45,14 44,28 43.42 42,36 42,10 41,24 40,38 39,52 39.6 

47 46,13 45.26 44.39 43.52 43,5 42.18 41,31 40,44 39,57 

45 47,12 46,24 45,36 44,48 44,0 43,12 42,24 41,36 40.48 

49 48,11 47,22 46.33 45,44 44,55 44,6 43.17 42.28 41,39 

50 49,10 48,20 47.30 46,40 45,50 45,0 44,10 43,20 42,30 


51 50.9 49,16 46,27 47,36 46,45 45.54 45,3 44.12 43,21 

52 51,8 50,1649.24 48.32 47,40 46,46 45,5645,4 

53 52.7 51,14 50.21 49.28 46,35 47,42 46,49 

54 53,6 52.12 51,18 50,24 49,30 46,36 

55 54,5 53,10 52.15 51.20 50,25 


5,0 4.54 4,48 4,42 4.36; 4.30 4.24 4,18 4.12 4.6 

5.50 543 5,36 5,29 5,22 ( 5.15 5,8 5,1 4,54 4,47 

6,40 6.32 6,24 6,16 6.8 6,0 5,52 5,44 5,36 5,28 

7,30 7.21 7,12 7,3 6.54! 6.45 6.36 6,27 6,18 6,9 

8.20 6.10 8,0 7,50 7.40* 7,30 7,20 7,10 7,0 6.50 


.10 £59 8,48 8,37 8,26 8,15 8,4 7,53 7,42 7,31 

10,0 9.48 9,36 9,24 9,12j 9.0 8,48 8,36 8,24 8,12 

10,501C5710,24 10,11 9.55 9,45 9,32 9,19 9.6 8,53 

11,40110611,12 10,58 10,44; 10.30 1 0,16 1 0,2 9,48 9,34 

12,30 1 2.15 12.0 11,45 11,30 11,15 11,0 1 0,45 1 0,30 1 0,15 


4,0 3,54 

4.40 4.33 

5,20 5,12 
6,0 5,51 

6.40 6,30 


7.20 7,9 

8.0 7,48 

6,40 8,27 

9.20 9.6 

10,0 9.45 



17.30 17.5 16,46 16,27 16,6 15,45 15,24 15,3 14,42 14.21 

18.20 1735 17.36 17,14 16.52 16,30 16,8 15,46 15.24 15.2 

19.10 15.4716,24 18,1 17,36' 17,15 16,52 16,29 16,6 15,43 

20,0 153619.12 18,48 18,24] 1E.0 17,36 17,12 16,46 16,24 

20,50 2035 20,0 19,35 19,10.15.45 18,20 17,55 17,30 17,5 

21,40 21.14 20,48 20,22 19.56] 19,30 19,4 18,38 18,12 17.46 

22.30 22 3 21,36 21,9 20,42120,15 1 9,48 1 9,21 18,54 1 8,27 

23.20 2Z32 22,24 21,56 21.28'21.0 20.32 20,4 19,36 19,8 

24.10 22.41 23.12 22,43 22.14 71.45 21.16 20,47 20,16 19,49 

25.0 24 30 24,0 23,30 23.0 22.30 22,0 21,30 21,0 20,30 


25.50 25.19 24.48 24.17 23,46 23.15 22,44 22,13 21,42 21,11 

26.40 263 25.36 25,4 24.32': 24.0 23,28 22,56 22.2 L 21.52 

27.30 2637 26.24 25,51 25,16 24.45 24.12 23,39 23,6 22,33 

28.20 27.46 27.12 26,38 26,4 j 25.30 24,56 24,22 23,48 23,14 

29.10 2E.35 28,0 27,25 2 6.50 ( 26.15 25.40 25,5 2 4,30 23,55 


30,0 29,24 28.48 28,12 27.36 27.0 26.24 25,48 25.12 24.36 

30,50 30.13 29.36 28,59 28.22* 27.45 27,8 26,31 25,54 25,17 

31.40 313 30.24 29,46 29,8 j 26.30 27,52 27,14 26,36 25,58 

32.30 31 *51 31,12 30,33 29,54; 29.15 28,36 27,57 2 7.18 26,39 

33,20 32.40 32.0 31,20 30.40'30,0 29.2 0 28,40 2 6.0 27.20 


34.10 32.29 32.48 32,7 31.26 3C.45 30,4 29,23 28,42 2B.1 
35.0 34.18 33,36 32.54 32,12 31.30 30.48 30.6 29,24 

35.50 35.7 34,24 33,41 32,56, 32.15 31,3 2 30,49 

36,40 3536 35.12 34,28 33.44 33,0 32,16 

37.30 36.45 36,0 35,15 34.30,33.45 

38,20 3734 36,48 36,2 3S.16| 

39.10 3E.23 37,36 36,49 
40,0 39,12 38.24 

40.50 40.1 


14,0 13,39 13,18 1V 

14.40 14,16 13,56 i: 

15.20 14,57 14,34 14 
16,0 15,36 15.12 14 

16.40 16,15 15.501.' 

17.20 16,54 16,281c 
18,0 17,33 17,6 16 

18.40 18,12 17,44 17 

19.20 18,51 16,22 17 
20,0 19,30 19,0 IS 


20.40 20.9 19.38 IP; 
21/JD 20,48 20,16 19* 
22,0 21,27 20,54 20 

22.40 22.6 21,32 20. 
23,20 22,45 22,10 21 



56 

55,4 

54.8 

53,12 52,16 

57 

56,3 

55,6 

54.9 

58 

57,2 

56.4 


59 

58,1 
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Table 5 


35 34 33 32 31 

10 1,6 1,6 1.4 1.2 
45 1,42 1.39 1.36 1.33 

20 2.16 2,12 2,6 2.4 
55 2.50 2.45 2.40 2.35 

30 29 28 27 26 

1.0 58 56 54 52 

1.30 1.27 1.24 1,21 1,18 

2,0 1,56 1.52 1.48 1,44 

2.30 2,25 2.20 2,15 2,10 

25 24 23 22 21 
50 48 46 44 42 
1,15 1,12 1,9 1.6 1,3 

1,40 1,36 1,32 1,28 1.24 
2.5 2.0 1.55 1.50 1.45 

20 19 18 17 16‘ 15 14 13 12 11 

40 36 36 34 3 2 30 28 26 24 22 

1.0 57 54 51 48; 45 42 39 36 33 

1,20 1,16 1,12 1.8 1.4 11,0 56 52 48 44 

1,40 1,35 1,30 1.25 1,20,1,15 1,10 1,5 1.0 55 

10 9 8 

20 18 16 
30 27 24 
40 36 32 

50 45 40 

.30 3,24 3,18 3.12 3,6 

.5 3.58 3,51 3.44 3,37 

40 4.32 4,24 4.16 4.8 

15 5.6 4,57 4.48 4.39 

50 5,40 5,30 5,20 5.10 

3,0 2,54 2,48 2,42 2,36 

3.30 3,23 3,16 3,9 3,2 

4.0 3.52 3,44 3.36 3,28 

4.30 4,21 4,12 4,3 3.54 

5,0 4.50 4,40 4,30 4,20 

2,30 2.24 2,18 2,12 2.6 
2,55 2,48 2.41 2.34 2.27 
3.20 3,12 3,4 2,56 2.48 
3,45 3,36 3,27 3,18 3.9 
4,10 4,0 3.50 3,40 3,30 

2.0 1,54 1,48 1,42 1,36j 1,30 1,24 1,18 1,12 1,6 

2.20 2,13 2.6 1.59 1,52 1,45 1,36 1,31 1,24 1,17 

2.40 2,32 2,24 2.16 2,8 2,0 1,52 1.44 1,36 1,28 

3,0 2,51 2,42 2.33 2.24 2,15 2,6 1,57 1,45 1.39 

3.20 3,10 3,0 2.50 2,40,2.30 2.20 2.10 2,0 1,50 

1,0 54 48 

1,101,3 56 

1,201,12 1.4 
1,301.21 

1.40 

.25 6.14 6.3 5,52 5.41 

0 6,48 6,36 6,24 6,12 

35 7,22 7,9 6.56 6.43 

10 7,56 7.42 7,28 7.14 

.45 8.30 8,15 8,0 7.45 

5.30 5,19 5,6 4,57 4,46 

6,0 5,48 5.36 5.24 5,12 

6.30 6,17 6.4 5.51 5,38 

7.0 6,46 6.32 6.1 B 6,4 

7.30 7.15 7.0 6,45 6,30 

4,35 4,24 4,13 4,2 3.51 
5,0 4,46 4.36 4.24 4.12 
5.25 5,12 4,59 4,46 4.33 
5.50 5.36 5.22 5.6 4.54 
6,15 6,0 5,45 5.30 5.15 

3.40 3.29 3,ie 3,7 2,561 2,45 2,34 2,23 2,12 2.1 
4.0 3,46 3,36 3.24 3,12* 3,0 2,48 2,36 2,24 

4,20 4,7 3.54 3,41 3,28 3.15 3,2 2,49 

4.40 4.26 4,12 3.55 3.44 3,30 2.16 

5.0 4,45 4,30 4,15 4,0 13,45 


20 9,4 8,4B 8,32 8.16 

55 -9,38 9.21 9,4 8,47 

30 10,12 9,54 9,36 9,18 

5 10,46 10,27 10,8 9,49 

40 11.20 11,0 10,40 10.20 

8.0 7,44 7.28 7,12 6.56 

8.30 8,13 7.36 7.39 7.22 

9.0 8,42 8,24 8,6 7,48 

9.30 9,11 8.52 8.33 8,14 

10,0 9,40 9.20 9.0 8,40 

6,40 6,24 6,8 5,52 5.36 
7,5 6,48 6,31 6,14 5,57 
7,30 7,12 6,54 6.36 6.18 
7,55 7,36 7,17 6,58 6,39 
8,20 8,0 7.40 7,20 7,0 

5.20 5,4 4,43 4,32 4.16 

5.40 5,23 5,6 4,49 

6.0 5.42 5.24 

6.20 6.1 

6.40 

.15 11.54 11,33 11.12 10,51 
,50 1 2,28 1 2.6 11,44 11.22 
25 13,2 12.39 12.16 11,53 

0 13,36 13.12 12.48 12.24 
35 14,10 13,45 13.20 12,55 

10.30 10,9 9,46 9.27 9,6 

11,0 10,3810,16 9.54 9.32 

11.30 11,7 10,44 10.21 9,58 
12,0 11,3611,12 10,48 10,24 

12.30 12,5 11,40 11,15 10,50 

8,45 8,24 8,3 7,42 7.21 
9,10 6,46 8,26 8,4 

9,35 9,12 8.49 

10,0 9,36 

10,25 


10 14.44 14,18 13,52 13,26 
45 15,18 14.51 14,24 13,57 
20 15,32 15.24 14,56 14,28 
.55 16,26 15,57 15,28 14,59 
30 17.0 16.30 16,0 15,30 
.5 17,34 17,3 16,32 16,1 

40 18,8 17,36 17.4 

15 18,42 18,9 
.50 19,16 

25 v 

13,0 12,34 12.8 11,42 11.16 

13.30 13,3 12,36 12,9 

14,0 13,32 13,4 

14.30 14,1 

15.0 



2. Trigonometric Functions 

Table 7 is an excerpt from a table computed by H. F. Trotter of the Computer 
Center of Princeton University, ranging in steps of single minutes from 0° to 
89;59° for all four trigonometric functions. I have here given only Sin a and 
Tana for R = 60; from the latter table I have derived Tana for T=12 because 
of the interest of this norm for shadow lengths. Progress in steps of 0;30° will 
suffice for many historical applications. • 

Table 8 gives Crda for i? = 57;18 = 3438' in steps of 7;30° for a. 1 The con¬ 
venience of this norm for R lies in the fact that the circumference c of the circle 
is then measured in the same units as the radius. Thus the basic idea is the same 
that underlies the concept of “radians” but the units are chosen such that R and c 
are measured in “degrees”, i.e. such that c — 2nR = 360. 

For the connection of this table with the Indian table of sines and with the 
table of chords of Hipparchus cf. above p. 299 f. 



The same table is also found in Toomer [1973], p. 8. 
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Table 7 


7 

R 

= 60 

R= 12 

Tan x 

a 

R = 

60 

i? = 12 
Tan x 

Sin a 

Tan a 

Sin x 

Tan x 

0;30° 

0;31,25 

0;31,25 

0; 6,13 

20 

20;31,16 

21;50,18 

4;22, 4 

1 

1; 2,50 

1; 2,50 

0; 12,34 

20;30 

21; 0,45 

22;25,59 

4;29,12 

1;30 

!;34,14 

1;34,16 

0; 18,51 

2! 

21:30, 7 

23; 1.55 

4:36.23 

2 

2; 5,38 

2; 5,43 

0;25. 9 

21 ;30 

21;59,24 

23;38, 5 

4:43,37 

2;30 

2;37, 2 

2;37,11 

0;31.26 

22 

22;28,35 

24;14,30 

4;50,54 

3 

3; 8,25 

3; 8,40 

0;37,44 

22;30 

22;57,40 

24;51,10 

4;58,14 

3:30 

3;39.46 

3;40.11 

0:44, 2 

23 

23;26.38 

25;2S, 7 

5; 5,37 

4 

4;11, 7 

4;11,44 

0:50.21 

23:30 

23;55.30 

26; 5,19 

5; 13. 4 

4:30 

4;42,27 

4;43,20 

0;56.40 

24 

24;24,15 

26;42,49 

5:20,34 

5 

5; 13,46 

5; 14,58 

1; 3, 0 

24;30 

24;52.54 

27:20,37 

5;28, 7 

5:30 

5;45. 3 

5:46.38 

1: 9,20 

25 

25:21.26 

27;58.42 

5:35,44 

6 

6; 16,18 

6:18.23 

1:15.41 

25;30° 

25:49,50 

28;37, 7 

5;43.25 

6:30 

6;47.32 

6;50.10 

1:22. 2 

26 

26; 18, 8 

29:15.50 

5;51,10 

■ • 7 

7;18.44 

7;22, 1 

1:28,24 

26;30 

26;46.19 

29:54,54 

5:58,59 

7;30 

7;49,54 

7;53,57 

1:34,47 

27 

27:14,22 

30;34,17 

6; 6,51 

8 

8;21. 1 

8:25,57 

1:41,11 

27;30 

27;42,18 

31:14, 2 

6; 14.48 

8:30 

8;52, 7 

8;58, 1 

1:47.24 

28 

28:10, 6 

31:54. 9 

6:22,50 

9 

9:23.10 

9:30.11 

1;54, 2 

28;30 

28:37,46 

32:34.38 

6;30,56 

9:30 

9;54,10 

10; 2.26 

2; 0.29 

29 

29; 5,19 

33:15,31 

6;39, 6 





29;30 

29;32,43 

33:56,47 

6:47,21 

10 

10:25. 8 

10:34,47 

2; 6,57 

30 

30; 0. 0 

34:38,28 

6:55,42 

10:30 

10;56, 3 

11; 7,13 

2:13.27 

30;30 

30;27, 8 

35;20,34 

7; 4, 7 

11 

11 ;26,55 

11;39,46 

2:19,57 

31 

30;54, 8 

36: 3. 6 

7:12.37 

11:30 

11:57,43 

12:12,26 

2:26.29 

31:30 

31 ;21. 0 

36:46, 5 

7:21.13 

12 

12;28,29 

12;45.12 

2:33. 2 

32 

31;47,43 

37;29,32 

7;29,54 

12:30 

12:59.11 

13;18, 6 

2:39,37 

32;30 

32:14,17 

38;13,27 

7;38,41 

13 

13;29,49 

13;51, 8 

2;46.14 

33 

32;40.42 

38;57.52 

7;59,34 

13:30 

14; 0,24 

14;24,17 

2;52,5I 

33;30 

33; 6,58 

39;42,47 

7;56,33 

14 

14:30,55 

14:57,35 

2:59,31 

34 

33;33, 6 

40;28.14 

8; 5,39 

14:30 

15; 1.22 

15;31, 1 

3: 6.12 

34;30 

33;59, 4 

41;14,13 

8;14.51 

15 

15:31,45 

16; 4,37 

3; 12.55 

35 

34;24,53 

42; 0,45 

8;24, 9 

15:30 

16; 2, 3 

16:38,22 

3;19,40 

35;30 

34;50,32 

42;47,51 

8;33.36 

16 

16;32.18 

17;12,17 

3;26,27 

36 

35;16, 2 

43;35,33 

8;43. 7 

16:30 

17; 2,27 

17;46,22 

3:33.28 

36;30 

35;41.22 

44:23.52 

8:52.46 

17 

17;32.32 

1 S;20.38 

3:40. 8 

37 

36; 6.32 

45:12,48 

9; 2,34 

17:30 

18; 2,32 

18;55. 5 

3;47, 1 

37;30 

36;31,32 

46. 2.23 

9;12,29 

IS 

18:32,28 

19:29,43 

3;53,57 

38 

36;56,23 

46;52,38 

9:22,32 

18:30 

19; 2,18 

20; 4,33 

4; 0,55 

38;30 

37;21, 3 

47;43.34 

9;32,43 

19 

19;32, 3 

20;39,35 

4; 7,55 

39 

' 37;45,33 

48;35,13 

9;43, 3 

19:30 

20; 1,42 

21;14.50 

4:14.58 

39;30 

38; 9,53 

49;27,37 

9:53,31 
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Table 7 (continued) 



R 

= 60 

p — n 



60 

R = P 

y 

Sin a 

Tan a 

Tan a 

a 

Sin a 

Tan a 

Tan a 

40 

38:34, 2 

50:20,46 

10; 4. 9 

60 

51;57,41 

1,43;55,23 

20;47, 5 

40:30 

38;58. 1 

51;14,41 

10; 14,56 

60;30 

52:13,17 

1;46. 2.59 

21:12,36 

41 

39;21,49 

52; 9,26 

10:25,53 

61 

52;28,38 

1,48;14,34 

21;38,55 

41 ;30 

39;45.26 

53, 5, 1 

10;37, 0 

61 ;30 

52;43,44 

1,50;30,23 

22; 6, 5 

42 

40: 8.52 

54; 1,27 

10;48,17 

62 

52;58,37 

1.52;50,37 

22;34, 7 

42;30 

40;32. 7 

54;58,4o 

10;59,46 

62;30 

53;!3.14 

I,55;15,32 

23; 3, 6 

43 

40;55,12 

55;57, 3 

1I;11,25 

63 

53;27,37 

],57;45,24 

23;33. 5 

43;30 

41; 18. 5 

56;56.16 

11;23,I5 

63;30 

53:41,46 

2, 0;20,29 

24; 5, 6 

44 

4!;40.46 

57;56.29 

11;35,18 

64 

53;35.40 

2. 3; 1, 6 

24:36,13 

44:30 

42: 3,16 

58:57,43 

11;47.33 

64;30 

54; 9,18 

2. 5:47,33 

25; 9.31 

45 

42:25,35 

1, 0: 0. 0 

12; 0, 0 

65 

54;22,42 

2. 8;40,13 

25;44, 3 

45:30 

42:47,42 

1,1; 3,23 

12;12.4 

65;30 

54;35,52 

2,11;39,29 

26;I9,54 

46 

43; 9.37 

1, 2; 7.55 

12:25,35 

66 

54;48,46 

2.14;45.44 

26:57. 9 

46:30 

43;31,21 

1, 3;13,37 

12:38.43 

66;30 

55; 1,25 

2,17;59,26 

27;35,58 

47 

43;52,52 

1. 4;20,32 

12;52, 6 

67 

55;13,49 

2,21;21, 4 

2S;16.13 

47;30 

44;14,12 

1, 5;28,43 

13; 5,57 

67;30 

55;25.58 

2,24;51,10 

2S;58.14 

4R 

44:35.19 

1, 6;38,12 

13;19,38 

68 

55;37,52 

2,28:30,19 

29;42. 4 

4S;30 

44;56,14 

1. 7;49, 4 

13;33.49 

68;30 

55;49,30 

2,32;19, 8 

30;27,50 

49 

45:16,57 

1. 9; 1.20 

13;4S. 16 

69 

56; 0,53 

2.36;18.19 

31:15.40 

49;30 

45:37,28 

1.10; 15, 4 

14; 3. 1 

69;30 

56;12, 1 

2.40;28.38 

32; 5.44 

50° 

45:57.46 

1.11:30,19 

14:18. 4 

70° 

56:22.54 

2.44:50.55 

32:10.11 

50:30 

46:17,51 

1.12:47. 9 

14:33.26 

70:30 

56:33,3! 

2.49:26. 5 

33:53.13 

51 

46:37,44 

1.14; 5,38 

14;49. X 

71 

56:43.52 

2.54:15.10 

34:51. 2 

51 ;30 

46;57.23 

1.15;25,49 

15: 5.10 

71;30 

56;53,58 

2.59;19,16 

35:51,51 

52 

47:16.50 

1,16;47.47 

15:21.33 

72 

57; 3,48 

3, 4:39.40 

36; 7,56 

52;30 

47;36. 4 

1.18:11,37 

15:38.19 

72;30 

57:13,23 

3.10:17.44 

38: 3,33 

53 

47:55. 5 

1.19;37.22 

15:55.28 

73 

57;22,42 

3,16:15. 4 

39;15. 1 

53:30 

48:13.53 

1.21: 5, 7 

16; 13. 1 

73:30 

57;31,45 

3.22;33,24 

40:30.41 

54 

48:32.28 

1,22:34.59 

16;31, 0 

74 

57;40,33 

3.29:14.42 

41:50.56 

54:30 

48:50.49 

1,24; 7, 1 

16;49.24 

74:30 

57;49. 4 

3,36:21.11 

43:16.14 

ss 

49; 8.57 

1.25;41.20 

17; 8.16 

75 

57;57,20 

3.43:55.23 

44;47. 5 

55:30 

49;26.51 

1.27:18, 2 

17:27.36 

75:30 

58; 5,20 

3.52: 0.10 

46:24. 2 

56 

49:44.32 

1.28:57.13 

17;47.27 

76 

58;13. 4 

4. 0;38.49 

48; 7.46 

56:30 

50; 1.59 

1.30:39. 0 

18; 7.48 

76;30 

551:20.32 

4. 9:55. 5 

49;59, 1 

57 

50:19.13 

1,32;23.31 

1S;28.42 

77 

58;27,44 

4.19:53.19 

51:58.40 

57:30 

50:36.46 

1.34:10.52 

18:50.10 

77;30 

58;34,40 

4,30;38.33 

54: 7,43 

58 

50;52.58 

1,36: 1,12 

19;12,14 

78 

5S;41,20 

4.42; 16.40 

56;27.20 

58;30 

51: 9.30 

1.37;54,40 

19;34.56 

78;30 

58;47.44 

4.54;54,34 

58;58.55 

59 

51:25.40 

1.39:51.24 

19;58.29 

79 

58:53.51 

5. 8:40.24 

1. 1;44. 5 

59:30 

51:41.52 

1.41:51.35 

20:22.19 

79;30 

5S;59.43 

5.23:43.52 

1. 4;44.46 
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Table 7 (continued) 


a 

Sin a 

Tan a 

Tana 

80 

59; 5,18 

5,40; 16,3 7 

I, 8; 3,19 

80;30 

59;10,38 

5.58;32,45 

1.11;42,33 

81 

59; 15,41 

6,18;49,30 

i,15;45,54 

81 ;30 

59;20.27 

6.4I;28,10 

1,20; 17,50 

82 

59;24,58 

7, 6;55,20 

1,25:23, 4 

S2;30 

59;29,12 

7,35;44,43 

1,31; 8,57 

83 

59;33,10 

8, 8;39,39 

1,37;43,56 

83;30 

59;36,52 

8.46;36,48 

1,45; 19,22 

84 

59;40,17 

9.30;51,43 

1,54; 10,21 

84;30 

59;43,26 

10,23; 7.26 

2, 4;37,29 

85 

59;46,18 

11.25;48,11 

2,17; 9.50 

S5;30 

59;48,54 

12.42:22,20 

2.32;28.28 

86 

59;51,14 

14,18; 2,24 

2.51 ;36,29 

S6;30 

59;53,17 

16,20;59,29 

3,16; 11,54 

87 

59;55, 4 

19. 4;52, 5 

3,48;58,25 

87;30 

59;56,34 

22,54; 13,33 

4,34;50,43 

88 

59;57.48 

28,38; 10,31 

5,43;38, 6 

Ofi.m 

OQ,JU 

rn.rn * r 

J 7, JO,HU 

in i i . i n i-i 

jo, I I,io t 2 / 

n i n. i e a i 
/, JO,I J,HI 

89 

59;59,27 

57,]7;23,52 

11,27;28,46 

89;30 

59;59,52 

1.54,35; 19 

22,55; 4 


Table 8 


R = 57;18° = 3438' 


a 

Crd 

a 

a 

Crd 

a 

7;30° 

7;30° 

450' 

97;30° 

86; 9° 

5169' 

15 

14;58 

898 

105 

90;55 

5455 

22;30 

22;21 

1341 

112;30 

95;17 

5717 

30 

29;40 

1780 

120 

99; 15 

5945 

37;30 

36;50 

2210 

127;30 

I02;47 

6167 

45 

43;51 

2631 

135 

105;53 

6353 

52;30 

50;41 

3041 

142;30 

- 108;31 

6511 

60 

57;18 

3438 

150 

110:42 

6642 

67;30 

63;38 

3818 

157;30 

112;24 

6744 

75 

69;46 

4186 

165 

113;37 

6817 

82;30 

75;34 

4534 

172;30 

114;21 

6861 

90 

81; 2 

4862 

ISO 

114;36 

6876 






D, Indices 


§ I. Subject Index 


References to sections without page numbers 
indicate that the whole section concerns the topic in question 


Aaboe 

Babylonian astronomy 311 n. 10; 437; 

665 n. 4 

lunar theory II B 4, 3; 547 n.4 
planetary theory 434: 470 n. 6 
Saros. eclipses 311 n. 10; 497 n. 4: 

502 n. 1; 506 n.7; II B 4. 3 
epicycle radii 273 
Handy Tables 1017 

Hipparchian eclipse parameters 311 n. 10 
planetary phases 244; 257; 976: 1017 
retrogradations 807 
solar velocity 531 
Abba Demetrius 568: 743 
Abraham ibn Ezra see I bn Ezra 
Abraham Zacut see Zacut 
absolute chronology 1071 
Abthiniathus 841 n. 16 
Abu Ishaq see Ibrahim b. Sinan 
Abu'l Fed a 727 
Abu'! Wafa 8f.; 1110 
Abu Ma'shar 8; 789; 1050 
Abu Sn‘id ad-Darir al-.lurjan7 841 f. 

Abyssinia see Ethiopic 
Academy V C 5. 2 B 
accuracy (see also: errors; inaccuracies) 
Babylonian parameters 3S6f,: 391 
final results in Almagest 186 n. 5: 559 
limits of observational accuracy 99: 1037 
Ptolemy, lunar theory 98 
Ptolemy, planetary theory 146 
tables in general 55; 120 
Achilles (“Tatius") 321 f.: 590 n. 2: 597: 598: 
666: 691 n. 8; 692: 944; V C 2. 3 C 
acronychal rising/setting 399; 792: 1091 
acrostic of "Eudoxus Papyrus" 686 
ACT-texts 350 f, 

adjusted parallax (lunar —solar p.) see parallax 
Adrastus 264 n. 3; 630 n. 4; 949 
Aedesia 1031 


aequans see planetary theory, equant 

aequatorialis (angle) 850 

Agathocles eclipse see eclipses, solar, specific 

cases (— 309) 

agrimensores 559 

ahargana 817 

Airy 1112 

al -.see second part of name 
'Ala’) zlj 11 
al-Alamut 10 
Albertus Magnus S34 n. 8 
alchemy 1035 n, 17: 1045: 1050f. 

Aldebaran (x Tau) 1026 n.4 
and Antares 258 n. 14: 960 
occupation 1040 f. 
proper motion 1084 
Aleppo, ntenologium 723 n. 14a 
Alexander, era see era 
Alexander of Aphrodisias 684 n. I 
Alexander Polyhistor 608 
Alexandre de Villedieu 1063 
Alexandria 5; 571 f. 
cl i mu la 304 

distance Alexandria-Rome 60: 847fi 
geogr. lalitlongest daylight 40; 101 n. 1; 
234; 305; 336; 726; 747f.; 848 
geogr. longitude 60: 108 n. 12: 848; 1048 
Hipparchus in Alexandria 276 
meridian 100 n. 2; 652; 934: 939 
meteorological data 740 n. 15 
pagan schools V C 5, 2 B 
shadow length 10! n. 1 : 747f.: S4S 
visibility tables 258:260 
alexandrian dates 
conversion from julian dates 799 
alexandrian year see calendar, Alex. 

Alfonso X 13: 1066 

Alfonsine Tables 13; 727: 969 
era 1066 

alignments see constellations 




1134 


Subject Index 


Alhazen see Ibn al-Haitham 
Almagest (see also the specific topics) I A-C 
et passim: 749: V BI, I 
compulations 186n. 5 
erroneous data 324 
heliacal phenomena 1 C8 
Latin translation 1035 n. 19 
lunar theory I B: 313 
mechanical models 217 
name 836 f. 
planetary theory I C 
trigonometry I A I; 775 
Almanacs (see also ephemerides) 1056 
Azarqiel see Zarqali 

Babylonian "Almanacs" 351; 363: 391 n. 3; 
456 n. 10: 555 

hellenistic-mediaeva! 12 : 973: 1037 n. 10 
altitude, spherical coordinate 1077 
circles of altitude I A 5. 4: 51 
aititudo 802 

America on map 886 n. 9 

Ammonius 878 n. 4: n. 9; 1031: 1037: 1042 

analemma 

“Analemma.” work bv Ptolemy V B 2; 

842 n. 1 

method for solving trigon. probl. 301 f.; 

860: 862 

terminology 771 n. 1 
Ananias of Shirak 711; 955: 1041 
anaphoric clock 844; V B 3. 7 C' 

Anaphorikos see Hypsicles 
Anatolius. Bishop of Laodicea 733 
Anbii Sim'ftn 741 
Ancona 729: 747 
angles see arcs 

annual equation see lunar theory, inequalities, 
fourth 

annular eclipses see eclipses, solar 
anomalistic month 69; 1084 
length 479f.: 481: 501: 602f.; V A 2. 1 A; 
817: 902: 1084 

anomalistic year see year, anonr. 
anomaly (see also: lunar theory: solar theory) 
eccentric anomaly 24: 149: 183 
epicyclic anomaly 149: 178: 181 f.; 183 
mean and true anom. (modem) 1095: 1100 
Anonymous 19 

commentary to Almagest 310 n. 6: 312; 

321 n. 3 

Logica et Quadr. 734 n. 11 
of 211/213 321 n. 3; 948 
of 354 see Philocalus calendar 
of 379 601 n. 2; 670 n. 15: 769 n. 16; 

954 n. 26; 960 
Anschutz lllOn. 15 
Antares see Aldebaran 
Anthemius of Tralles 1042 


Anthology see Greek Anthology 
Antikythcra 652 n. 7 
Anti-Meroe 880:882:889 
Antiochus of Athens 601 n. 2: 605; 618; 

670 n. 15 

Antiochus of Commagene 575 
antipodes 1029 
antiscia 331 n. 7: n. 8; 954 
anliskion. coordinate 331: 850 
Antoninus 275 : 909 
ants on potter's w heel 695 n. 13 
Apianus, Petrus 886 n. 10 
apogee sec apsidal line 
Apollinarius 601 n. 2:666 
Apollonios Myndios 263 
Apollonius of Perga I D: IV Intr.; 715 n. 5 
astrolabe S69 

conic sections 262: 75! n. 30; 857: 85Sf.; 
1042 

lunar theory 262: 1 D 2. 2 
distance of moon 650; 655 
planetary theory 1 D 3. 1 
stationary points 190ff.: 1 D 3, 1: SOI: 
808 

reciprocal radii 265: 265 n. 2: 268 
stereographic projection 869 
Apolelesmatica S97 n. 1 
apparent diameter see diameter 
apparent solar time 1081 
approximations see accuracy: square root 
approx. 

apsidal line see lunar theory: planetary theory 
solar theory 
apsis 802: 805 
Aquileia 929 

Arabic astronomy see Islam 
Arabic world-map S85 
Aratus 575 
commentaries by 
Achilles 951 
Diodorus 840f. 

Hipparchus 274: 301 
length or daylight 581: 711; 746 
terminology on brightness of stars 291 
Arbela-Carthaae. time difference 667f.: 938 
Arcesilaus 750 
Archimedes 
Catoptrics S93 
Eutocius. commentary 1042 
heptagon 23 

Heron using Archimedes 300 
Heronic formula 846 n. 5 
length of year 277 
measurement of earth 650 
Method 749 

order of planets IV B 3. 2 B; 691; 699 
planetarium 652 n. 7 
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planetary distances IV B 3. - B: 944 
Sand-Reckoner 642: IV B 3. 2 A: 772 
trigonometry 23: 140n. 3: 299f.; 772: 

776 

archons. Athenian 1076 
Archvtas 67S 
arcs 755 n. 3 

units of arc-lengths 

1/2° (sir also: stadc) 590: 699: 719 
2° see cubit 
3:45° sec kardaga 

6 s (i.e. sexagesimal division of circle) 5S2: 

590; 733: 772 n. 5: 951 

7:30° see parts 

15° see steps (/rz.V/to/) 

30° (jw also: zodiac, zod. signs) 278: 

299; 582 n. 21: 674: 772f. 
barley corn 592 

cubit 279: 304: 544 n. IS: 545; 591 
degree IVA 4. 1 

division of gnomon: 60 degrees 744 
first degree of sign see zero 
finger (see also: digits! 530: 545: 591: 

658;1039 
hair 592 
hours 279 

kardaga see kardaga (p. i i49) 
lunar diameters 657 n. 3 
momenta see momenta (p. 1152) 
palm 592 

paries see paries (p. 1155) 
parts see parts (p. 1155) 
points see above 1/2° 
quadrant 590:644:773 
se 514 

sexagesimal division see above 6° 
signs .see above 30° 
solar cubit 592 
stade see stade (p. 1161) 
steps see steps (/h9/i»i) (p. I 161) 
arctic circle 5S2: 733: 962 
Arcturus (y. Boo) 
brightness 331 . 
position 278 n. 7: 336; 1037 
proper motion 1084 
arcus visionis 

for fixed star phases 927; 930f. 

for planetary visibilltv 234; 257: 404: 931; 

1017 

area digits see eclipses, lunar and solar, digits 
argument of latitude see lunar theory, latitude: 
planetary theory, latitudes 
Aries 

y Ari 1026 n. 4: 1027 n. 9 
Babylonian name 594 n. 10 
y Ari as zero longitude 890 n. 3 
Arin 7 


Aristarchus 4: 574: 590: IV B 3. 1: 644 
cosmic period 621 
earth, motion 697 
exeligmos 603 

heliocentric universe 635: 646 
length of year 601: 603: 621 
lunar phases 635: 843 
planetary theory 692; 697 
sizes and distances of sun and moon 
IV B 3. I : 650: 768 
solstices 294 
terminology 7721'. 
trigonometry 590: IV D4 
Aristotle 1035 
Babylonian records 608 
commentaries 955 

homocenlric spheres 677: IV C 1.2 C: 923 
rising amplitudes 37 
solar anomaly 627 

sphericity of the moon 662: 663 nil: 678: 
1093 f. 

wind directions 37 , 

An sis II os 34: 280 

arithmetical methods II Intr.: IV D 1: 736: 
764 

arithmetical progressions 304: 413: 416: 

716 ff. 

al-Arkand 7 

Armenian astronomy 955 n. 4: n. 5 
length of daylight 711 
Pappus' Geography 966 
shadow tables 741:744 
armillary sphere see astrolabe, spherical 
arrangements of planets see planetary theory, 
order of planets 
Arsacid era see era. Arsacid 
Artaxerxes 1 355: 554 n. 3 
Artaxerxes II 354: 469: 531: 553 f.: 709 
Artaxerxes 111 363: 554 
Artcmidoros V C 2. 3 A 
Aryabhata 6;“317 n. 11; 662 n. 5; 695 n. 13: 

1125 

diophantinc equations 1118n. 3 
ascendant 41: 1080 

ascensional differences I A 4. 3; 41: 303: 865: 
979: V C 4. 2 B 
Asclepius 1032; 1042 n. 40 
Asia, place of observations 730: 929 
aspects, astrological 583; 897: 933 
harmonies 933 
'asr 743 
Assassins 10 
Assyria 612 

Assyrian calendar see calendar 
astrolabe 

plane 8: 12: 754 n. 17: 759: 858: 877: 956: 
1037: 1040: 1042 
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astrolabe, plane (contin.) 

horoscopic instrument S66: 871; 874 n. 9 
spherical 871; 1036 n. 21; 1037 
astrology 779; 942f.; 1050f. 

Babylonian 412; 474; 844 
in Egypt 567 f.: 608 f. 
in Greece 583; 608 f.; 613 
Byzantine 1051 

Christianity and astrol. V C 2, 4 A 
climata see climata. astrological 
computational methods 293 n. 8 
Egyptian 565; 567; 897 n. 9 
exaltations 802; 807 
related to "steps" 671 
fixed stars 954 
forma 953 

geography, astrological 331 f.; 608 f.; 

897 n. 9; n. 10; 951; 1000 n. 3 

Greek 456; 608 

Handy Tables 973 

harmonies and aspects 933 

horoscopes {see also: horoscopes) 779; 785; 

1034 

demotic 565: 567; 575; 608 
Greek 575; 60S; 1050 
Mercury, period 467 
origin 4; 565 

P. Mich, 149 769 n. 19; S05 
paired signs 769 n. 19 
paranatellonta 39 
planetary “periods" 606f. 
prosneusis (of eclipses) 141; 927 
seeing signs 769 n. 19 
“steps” and winds 670; 954 n. 24 
temperaments 954 
terms (ogix) 690; 870 n. 6 
Tetrabiblos V B 6 
thema mundi 600: 958 n. 26 
triplicities 690 

Astronomia Philolaica sec Boulliau 

astronomical calendar see calendar. Greek 

“astronomical” calendar 

astronomical unit of distance 1086; 1097 n. 3 

Asuan (.sec also: Syene) 741 

asymptote 758 

Athens 

calendar 616 n. 6: 617 n. 10a; 1076 
geogr. latitude 746 
occultation of Venus 1041 
shadow length 746 f. 

Athos, manuscripts 737; 740 
Attalus 278 
constellations 292 
length of daylight 711; 715 
Keskinto inscription 698 
at-TusT see TusI 
atypical texts, Babyl. 541; 553 


Augustinus 1029 
Augustus era see era. Augustus 
Alexandrian calendar 1047 
Ausonius 952; 954 

Autolycus 571; 573; IV D 3; 829; 1091 
figures 752 
auxiliary texts 351 
Avanti see Ujjain 
Avezac 888 n. 20 
Azarqie! see Zarqafi 
azimuth 1077 

Babylon 

geogr, latitude 234; 249 n. 12; 367 
longest daylight 726; 938 n. 3 
shadow lengths 736 n. 3:747 
texts from Babylon 347; 610 
zero meridian 8 

Babylonian astrology see astrology, Babylonian 
Babylonian astronomy 3; 56; II 
influence on Greek astronomy 23; 293; 

306: 309; I E 5. i A; 371 f.; 391; 585; 602f.; 
IVA 4,4: IVA4.4C; 626: 675; 702; 

IV D 1. 2: 789f.: VA 2. 1; 829f.; 898; 1051 
influences on India see Indian astronomy 
Jupiter II A 7. 3 
apsidal line 447 
daily motion II A 7, 3 D 
opposition (0) 449 
periods 441 f.: 555 
retrogradation 448 f. 
subdivision of syn. arc II A 5, 1 A: 

II A 7, 3 C 

System A II A 7, 3 A 

System B 430; 11 A 7. 3 B 

time intervals between phases II A 5. 2 A; 

449 f. 

velocities 451 f. 

length of daylight (see also: Babylon, longest 
daylight) see below lunar theory, column C' 
lunar theory II B; II C 2 
edipses (see also below: Saros) 
duration 550 n. 22 

magnitude 521; II B 6; 523; 526; 550 
table* II B 7: 549f. 
full moons II B 10, 3 
latitude II B 5; 626 
argument of latitude 519 
nodes, nodal motion II B 5; 521: 549 
month, anomalistic 547 
month, synodic. Syst. B 548 
Saros (see also below, spec, fct., 0) 505: 
513; II B 5. 3; 542 
Saros Canon 549 
special functions 476 
A 496 
C' IIB3.4 
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D 497 

E. E* 516 

F. F*. etc. II B2; II B 4. !; 54S; 602 
truncation 54S 

G. G II B 3,2 B; 490: 504; 

II B 4, 3 C 1: 548 

H II B 3. 5 B 

J 306 n. 35: II B 3. 3: II B 3. 5 B 
K II B 3. 4: II B 3. 5 A 
L II B 3. 5 A 

M II B 3,4 ; 492; II B 3,5 C: II B 10 

N. O. P, Q. R II B 10.2 

W. X. Y. Z 505: II B 4. 3 C 3 

A 505; II B 4. 3 C 2 

<!>. 0* II B 3, 2 A; II B 3, 2 B; II B4; 

520: 553 

truncation 486: II B 4, 3 B 
V.V* II B 6: 522f. 

System A II B 2, 2; II B 3, 2 
steps 502 f. 

System B 309r.; II B 2, I; II B 3, 1 
visibility II B 10,4; 552 
last visibility II B 10, 3; 539 
na 538; 552 
Mars II A 7. 4 
apogee 455 
entry into signs 547 
invisibility 458 
periods II A 7. 4 A; 555 
retrogradations II A 7. 4 C 
stations 458 
synodic time 457 
System A 11 A 7. 4 A 
uncanonical Syst. A 553 
System B II A 7, 4 B 
Mercury II A 7, 6 
goal-year texts 467 
omitted phases 473 
periods 467 
pushes 472 f. 
stations 473 
Systems A,. A, 468 
System A 3 466': 469 
Uruk ephemeris 468 
moon, phases 550 
planetary theory II A: II C 3 
daily motion II A 5, 3 
latitudes 554: 604 n, 2 
order of planets 690 
phases 449 0'.: 452 f, 

rising times of zodiacal signs II Intr. 4. I : 
729 f.: S30 
Saturn II A 7. 2 
latitude 554 
opposition (0) 437 
subdivision of syn. arc II A 7, 2 C 
System A 11 A 7. 2 A 


System B II A 7, 2 B 
templates 437 

shadow tables sec Babylon, shadow lengths 
solar theory II B 8: II B 9 
eclipses 549 n. 18 
length of year 293; II B 8: 543 
solar velocity II B 9 
System A and A' II B 9, 2 
System B II B 9. 3 
year, anomalistic, tropical 529 
synodic arc 373:382 
mean synodic arc 377 
subdivision, planetary theory II A 5. 1: 

II A 6. I B 

synodic time 382: 394 f. 

subdivision, planetary theory II A 5. 2 
System A and B 368: 371 f: 373: 430: 455: 
457: 474: 482: 541; IV D 1.2 
syzygies 477 
Venus II A 7, 5; 553 
periods II A 7. 5 A 
retrogradation 465 

System A(i 46! „ j ,.. 

Systems A,. A, 463 
visibility 464f. 

zigzag functions II Intr, 6, 1: 457: 468 
Babylonian calendar II Intr. 3: I! B 10. 1; 
1075 ’’i..' 

Babylonian mathematics 559: 614; 772 n. 2 
Bachct 1118 
Baghdad 10 

horoscope of Baghdad 8 n. 13 
Bainbridge 781:900 
Balbillus 575: 709 n. 12 
ul-Balkht sec Palchus 
Bardcsanes 720: 727 
Bar Hebraeus 330 n. 8: 339: 731 n. 25: 

734 n. 11: 740: 744: 903 n. II; 918 n, I 
Bar Sinaya 1076 
barley corn see arcs, units 
basic intervals see steps 
Basil of Caesarea 654 nil: 772 n. 1: 959 
basis latitudinis see polar latitude 
al-Battam Sf.; 631 n. 4; 1002 
catalogue or stars 2SS 
distance of sun and moon 109 
parallax 994f. 
planetary phases 260 
solar theory 307 
steps 670 
trepidation 633 

Bauernkaiender see rustic calendar 
Bayer, Job.. Uranometria 9: 954 n. 28: 

1087 n. 2 

Bear see Great/Little Bear 
Beda 741:746 
Berenice’s Lock 572 n. 4 
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Berenike (locality) 929 

Berlin. Staalsbibl. 2°. 307 741; 745 n. 29 

Bernsen 372 

Berosus 550: 574: 607; 608; 610 n. 16; 721 
lunar phases 843 
beru see double hour 
Bessel 1086: 1093 
Bhaskara 1118 
Bickerman 1071: 1075 
binocular vision 894 
Bion 576 
Biot, Edouard 284 
Birum 8f.; 836 
Archimedes 776: 846 n. 5 
astrology 958 n. 28 
Chronology 1074 
geographical coordinates 938 
Faulisasiddhanta 956 
Philoponus 1042 
Qanun 9; 776 n, 21 
Shadows 84If. 

Tnhd'id 938 

trepidation 59S: 631 n, 4: 633 n. 11 
Bithynia 750 
Hipparchus 275: 929 
Theodosius 571:750 
Bitruji 12 f. 

Bjdrnbo 288 

Bodleian, MS Gr, Class. F7 (P) see papyri 
Boer. E. 955 n. 2:1043 
Boethius 839 
Boker 575: 869 n, 5 

Boll 2851'.; 690: 769 n. 16: 781: 838 n. 4: 897: 
954: 976 

Bonfils see Immanuel Bonfils 

Bonne projection 888 

Books of Hours 952 n. 2 

Bootes (sec also Arcturus) 285 

Borsippa 610 

Borysthenes 980 

Bouche-Ledercq 331 

Bou!liau(= Bullialdus) II: 1038 n. II: 

1039 n. 15: 1108 n. 3 
Astronomia Philolaica 1109 n. 7 
Brahe see Tycho Brahe 
Brahmagupta 

Khandakhadyaka 7: 817 n. 2 
brightness of stars .sec fixed stars, magnitude 
British Museum 352 f. 
hrontologia 710 
Brugsch 567 
Buhl 918 
bulla S70 

Bullialdus sec Boulliau 
Burckhardt. Jacob 571 
Burckhardt. J.J. 1057f. 

Buttmann 834 


Buyids 8: 10 

Byzantine astronomy 9f.: 11: 123; 591; 970; 
983: 1071; 1076 
epoch of day 1069 n. 6 
planetary visibility tables 258; 1024 
world era see era. World 
Byzantium 15; 52 

latitude, longest daylight 336: 739; 746: 

980 n. 11: 1024 n. 2 

longitude 1048 

ortive amplitudes 977; 982 f. 

schools 1032 

seasonal hours 1048 

Caesar 594 f.; 612; 621 : 929 
era .see era, Caesar 
Cairo Calendar 609 n. 13b 
calendar (see also: cycles: lunar calendar) 

.. Alexandrian 786: 927: 973: 978: 1047: 
1064; 1066: 1075 
Assyrian 354 

astronomical, Greek cal. 617: 1076 
Athenian see Athens, calendar 
Babylonian II Intr. 3; 1075 
Egyptian 354: III I: 111 4: 617: 786; 827: 

VI A 2.1: 1071 ff. 

fixed star phases V B 8. i B 

Greek‘'astronomical" calendar 617: 1075 

Greek local calendars 616 n. 6: 617 n. 10a: 

y T 3: 978; 10751'. 

Islamic 353; 504; 1076 
Macedonian calendar in Egypt 1076 
Persian 1061 

reform. Gregorian 13: 1062 
Roman 973: 978:1076 
Sasuniun 1061 
Seleucid 1064 f. 

Syriac 1076 

calendar of 354 see Philocalus calendar 
Calendar!uni Colotianum (.see also: menologia) 
59" n. 41; 71 I n.26 

CalensJurium Vallense 597 n. 41: 711 n. 26 
Callimachus 572: 678 n. 9 
Callippus 676: 929 
cycle see cycles, luni-solar, 76 years 
homocentric IV C I. 2 C 
length of seasons 627; 68S 
lunar theory 625 

parapegma see parapegmata (p. 1155) 
rustic calendar 596 n. 27 
solar theory 625: IV B 2, 1 
vernal point 600 
Callisthenes 608 
Callistus. pope 647 
Campus Martius, obelisk 698 
Cancer 582 

7 Can 286 n. 21; 594 n. 6 
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S Can 182 
r. Can 1027 n. 8 
Canobic Inscription Ptolenn 
ranoniri 805 

Canopus. locality 901 n. 7 
Canopus (2 Car) 576: 5S2 n. 21: 652 
Capricorn 1045 

carbon 14 sec radio-carbon dating 
Carpus 944 
Carra de Vaux 1110 
Carthage 335: 1030 
length of daylight 724 
local time 938 
shadow length 746 n. 3 
cartography 885: 890 
Caspar 931 n. 1 
Cassandrus 618 

Cassini. Giovanni Domenico S20: S2I n. 15: 
1093 n. 2 

Cassini. Jacques 1062 n. 4; 1084 
Cassiodorus 769 n. 16: 837 n. 2: 1028: 

1053 n. 17 
Cassiopeia 336 
Cassius Dio 666: 691 n. 15 
catalogue of stars see fixed stars 
Catasterisms see Eratosthenes 
catoptrics sec optics 
Catullus 572 

Ceionius Rufius Albinus 954 
celestial globe see globe 
celestial sphere 1077 
Censorious 293: 296: 603: IV B 1.1: 721 
vernal point 597 
Centiloquium 897 

Chalcidius 326 n. 7: 630: 694f.: 758: 804: 958 
Chaldean era see era 
Chaldeans 567: 583: 604: 609; 612: 844 
Chaucer 8 

China 1: 284: 559 n. 1; 935 
chronology 1073 
Chioniades 11; 1109 n. 7 
chords I A 1, 1: 1115 
Crd 2 1115 

table of chords 9 n. 22: I A I. 2: I E 3. I 
Christ, era see era. Christian 
Christianity see astrology 
chronology 17 f.; VI A 4 
Chrysokokkes. Georgios 11: 13 n. 39; 954: 

1109 n. 7 

Chrysokokkes. Michael 13 
Cicero 

eclipse predictions 666: 1029 n. 4 
Eudoxus 60S 
Mars, period 783 
planets, order 691 n. 10 
Somnium Scipionis 1029 
sun and moon, sizes 655: 663 


Cidenas see Kidinnu 
C1G2681 839 n. 2 
Cilicia 562: 612 
Cinnamon country 335 
circinus 772 n. 1 
circle (see also: n) 

division of circumference see arcs 
circular diagrams 38: 978: 999 n. 29: 1044 
circular uniform motion, postulate 149: 155 
217: 1035 

eirciilus mens:nms 844 n. 10 
circumpolar stars see fixed stars 
Clavius 856 
Cleanlhes 581 

Clcomedes IV Intr.: 578: IV B 3. 3: 782ff.: 
V C 2. 5 

Agathocles eclipse ( — 309) 316 n. 9 
date VC 2. 5 A 
eclipses 668 

length of daylight, rising times 723: 731 
length of seasons 953 
planetary theory V C 2. 5 D 
latitudes 782 

maximum elongations 804 

periods 783 f. . 

shadow at Syene 726 n. 14 
Cleostrutus 593:620 hi-# 

climata 43: I E 6. 3 A: 371: IV D 1. 3:P 
IV D 1.3 A lt : 

Analemma 8531'. 

arithmetical methods 371: 722: 726 f.: 

IV D 2. 2 

astrological climata 334: 72! n. 8: 726: 
928 f. 

eight 969 n.6: 1030; 1049 n. 32 

five climata 335: 726; 767 n. 16 

Geminus 581 n. 6 

Handy Tables 260: 93S: 978 

length of daylight, rising times 43: 722: 

978 f. 

ortive amplitude 38: 142 
parallax 126: 978: 990 
Phaseis 335; 726 
planetary phases 257f.: 260 
Pliny 747 

seven climata 43: 50: 334f.: 725: 727f; 
735; 972 

trigonometric tables 50: 142 
clocks see anaphoric clock : sundials: water 
clocks 

cochloid of Nicomedes 843 
codex as form of MS 1023: 1056 
coins showing Hipparchus 2?5 n, 8 
color 

optical theory 893: 894 11 . 21 
stars .see fixed stars: Sirius 
Columella 595f.: 612 
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columns of Babylonian lunar theory see Baby¬ 
lonian astronomy, lunar theory 
Coma Berenices sec Berenice's Lock 
comet of 565 1045 
Commandinus 840: 856 
Commodus 808; 810; 813f. 
compass, constructions by comp, (sec also: cir- 
cimis I 853 f. 
conchoid see cochloid 

conformal mapping, stereogr. projection 859 
conic projection (for maps) V B 4, 2; V B 4, 3 
conic sections 
Apollonius 262 : 264 ; 265 
origin V B 2. 7 

conjunction points (Newcomb) 434 
conjunctions of planets 1039 
Conon 562: 572; 666; 929 
Constans 953: 1047 n. 21 
constant of precession see precession 
Constantine 10471'. 

Constantinople see Byzantium 
Conslantius 953 

constellations (see also: fixed stars) 
alignments 2S7: 291 f.: 296 
boundaries 1 E 2. 1 C 1; 1027: 1087 
changes 336: 1027 
Democritus 843 

number and arrangement 285: 897 n. 13 
consuls. Roman 966: 1076 
continued fractions 641 n. 5; VI C 4, 3 
conversion 632 n. 5 

coordinates see spherical coordinates; stellar 
coordinates 
Copernicus 
Almagest 53 n. 1 
catalogue of stars 53 n. 1; 280 
Commentariolus 926 
distance of sun and moon 109; 343 
eclipse magnitudes 141 
equant 1102 

Hipparchus and Lysis 339 
Islamic predecessors 11; 173 n. 3 
longitudes, zero point 890 n. 3 
lunar theory 310 
Mercury 1035 

planetary theory 171; 411 n. 11; 695 n. 12 
solar theory 173 n. 3 
synodic month 310 
trepidation 633 
trigonometry 9 n. 22; 26 n. I 
Venus, maximum elongation 162 n. 3 
Coptic 565; III 4 B 
astrology 568 
eclipse, solar 56S 
month names 565 
shadow tables 56S: 741 
cosmic period see great year 


cosmic setting 1091 n. 5 
Cosmography, Ptolemy's 634 n. 1 
cosmos see universe 
Cotton. Titus D 27 741: 745 n. 29 
Council of Basle 13 
counter earth 550; 574: 660; 667 
Council of Carthage 872 
Crates 575: 581; 611: 735 
Critodemus 331 n. 8 
cubit (as unit of arc) see arcs, units 
culminating point of ecliptic 42: 49; 957 
culmination, simultaneous 32 
Cumont 263; 331; 781: 897 n. 8 
Curtis-Robbins 836 n. 35:1055 
Cusanus see Nicholas of Cusa 
Cvzicus 676 

cycles (see also: eclipses, lunar and solar, 
cycles: Melon, cycle: Saros: Sothic period) 
intercalation-cycles 1 E 2. 2 B; 354: 1065 
luni-solar cycles IV B I 
8 years (octaeteris) 354; 568 n. 8; 584: 620 
16 years 568 n. 8:944 
19 years (" Metonic cycle") 
in Greece 4: 296: 5S5: 601; 

617 n. !0a; IV B 1. 2: 824; 958: 1030: 
1048 

in Mesopotamia II Intr. 3, 1; 365: 

54If.; 1064f. 

25 years 119; JJI 2: 605; 810; V A 2. 1 C 
76 years ("Callippic c.") 296: 5S5: 615; 
6l7n. 10a: IV B I. 2 
59 years (Philolaos) 619 
112 years (7-16) 56S n. 8 
304 years (Hipparchus) 296: 624 
532 years 624 
Cyprus 562; 612 
Cyrene 929 
Czwalina 750 n. 17 

Daily Telegraph 353 
Damascius 1031 
danna see double hour 
Darius II 469 ; 554 n. 3 
David, commentator 955: 1032 
David, prophet 710 n. 19 
day (see also: length of daylight) 
division 

in 8 parts 711 n. 26 
in 18 parts 709 

epoch, morning epoch, etc. 609; 1067: 

1069; n.6 

polar region IV D 3. 3 A 
solar day. mean and true 61 
day curves see sundials, hour curves 
daylight see length of daylight 
day-radius 302 n. 11; 303 
decans 6; 32; 561; 567 
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ili'cliiwlio cadi 844 
declination 876: 933: 953 n. 5: 1078 
of fixed stars 34 
of sun 1 A 3. i: 936 
transformation from (I 33 n. 2 
degree see arcs 

Deiambre VII: 276: 2S0; 2S6: 347; 755; 777: 
836: 976: 993: 999 
on Analemmu 840 
on ephemerides 1055 
on hour curves 856 
Demetrius. Patriarch 568: 743 
Democritus 573 
catalogue of stars 577; S43 
cycle 619 

length of seasons 628: 6S8 
parapegnia 581 n. 13; 929 
solstices 600; 687 
demotic texts 456: 567: 944 
Denderah 580 
Descartes 896 n. 26 
descendant 10SO 
descensivus 849 f: S51 
descriptive geometry 839; 860 
Diagnosis 725 n. 7 

diagram, circular sec circular diagrams 
diagrams see figures 
diameter, apparent 
of moon see moon, diameter 
of sun see sun. diameter 
"diaries" (Babylonian texts) 71: 351: 363: 
476; 545f.: 549 n. 12; 554 
Dicks. D.R. 320 n. 4; 331 n. 6 
digits see arcs, units, finger 
digits, eclipse magnitudes see eclipses, lunar 
and solar, digits 
Dillcr 734 n. 14 

dimensionality of space 848 n. 1: 941 
Dinsmoor 297: 588 n. 15 
Dio Cassius see Cassius 
Diodes 893 

Diocletian, era sec era. Diocletian 
Diodorus of Alexandria V B 2, 2 
Diogenes 618 
Diogenes Laertius 576 n. 7 
Dionysius (King Philip) 740 : 744 
Dionysius 

era and zodiacal months see era. Dionysius 
solar motion 629 
Dionysius Exiguus 1063 
diophantine equation 432f.; 1063: VI C 4 
Diophanlus 716 
diopter 658:749: 871 : 877 
Archimedes 647 
Heron S45: 893 
Dioptra see Heron 
direction see prosneusis 


distance of moon see moon, distance 
distances of planets (see also under the individ¬ 
ual planets) see planetary theory, distances 
distance of sun see sun, distance 
division of circle see circle 
Dodwell 976 

Dog-Dialogs of Eudoxus 676 
Domenico Domenici 977 n. 2 
Dorotheus of Sidon 954 
Dositheus 572; 581: 588: 620; 929 
double eccentricity 175 
double elongation see lunar theory 
double hour. danna = bcru 688 n. 8: 

719 n. 25 

Draco 285; 291; 961; 1045 

draconitic month 310f.: 321: 502; 673; 1084; 

1124 

drawing instruments 754 
Drecker 855 
duality 932 n. 6 
During 933 n. 8 
Duhem 834 

duplication of the cube 678; 843 
duplication of works 687 n. 8; 688 n. 15; 751; 
82S n. 9; 959; 964; 1043 
Dystros 710 n. 17 

c see obliquity of ecliptic 
i: for moon 262 
earth 

axial rotation IV C 2. 2 

orbital motion 695 f. 

size see measurement of earth 

shadow of earth 137; 550: 593; 654: 661: 

1044; 1093 f. 

actual diameter 110; 654 
apparent diameter 104: 125: 593: 635f.: 
654; 667; 689: 1000 
sphericity 550: IV A 2; 937; 1093f. 
earth-sine 303 

easter computus 354: 568 n. S; 967: 1046; 
1053; 1063 

eceenter 1 B 1.3 A; I D 2; 1098: VI B 7, 5 
eccentric anomaly 1097; 1099 
eccentricities sec lunar theory: planetary 
theory; solar theory 

eclipses, lunar (see also: earth, shadow) 1 B 6; 
658 f. 

duration 655 

"inclination’’ see prosneusis. eclipses 
specific cases 

-720 March 19 to -719 Sept. 1 (Aim. 

IV, 6) 64: 77; 314 
-620 Apr. 22 104 
-522 July 16/17 104 
-501 Nov. 19/20 82 
— 490 Apr. 25 81 
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eclipses, lunar specific cases (contin.) 

-382 Dec. 23 to -381 Dec. 12 (Aim. IV. 

11) 295; 317 

-330 Sept. 20 667: 938 

-200 Sept. 22 to -199 Sept. 12 (Aim. IV, 

11) 295; 317 

— 173 May I 105: 816 n. 4 

— 167 June 21 666 n. 8 
-145 Apr. 21 295 n. 23 
-140 Jan. 27 105:314 
-134 March 21 295 n. 23 
-29 Jan. 30 138 

-29 July 26 138 
62 March 13 846 
125 Apr. 5 SI 

133 May 6 77 

134 Oct. 20 77 
136 March 6 77 

335 Dec. 16 1053 . 

364 Nov. 25 965 
618 Oct. 9 1047 

eclipses, lunar and solar I B 6:972: V C 4. 4 E: 
VI B 6 

chronology and eclipses 1071 f. 
cycles (see also: Saros) 311 f.: I E 5. 2 B: 
434; 664f.; 1052: 1071: 1124 
digits, linear and area (.sec also below: mag¬ 
nitudes! 78: 134: 140: 525:527: 551: 592; 
658 

Hipparchus" eclipse tables I E 5. 2 A 
"inclination" .see prosneusis. eclipses 
intervals 129: I E 5. 2 B: 504; 665: 1035: 
1052 

limits 1 B 6. 3: 672: 831 n. 11 
magnitudes (see also above: digits) I34f.: 

314 n. 8: 526; 674: 972 
ontina 669 
phases 136 

refraction and lunar eclipses 896 n. 25 
eclipses, solar 601 n. 2 
annular 104 n. 4: 111: 137:527; 668; 688: 
1093 

path 129: 1093: 1110 n. 16 
specific cases 

-584 May 28 (Thales) 604 

— 360 May 12 (Helicon) 666 n. 8 
-309 Aug. 15 (Agathocles) 316 n. 1 
-189 March 14 316 n. 9: 327 
-128 Nov. 20 316 n. 9 

45 Aug. 1 (Claudius) 666 
59 Apr. 30 668 

164 Sept. 4 (Sosigenes) 104 n. 4: 111: 668 

320 Oct. 18 966 

364 June 16 (Theon) 965: 1053 

484 Jan. 14 (Proclus) 1032 

486 May 19 (Proclus) 1032 

601 March 10 (coptic) 568 


617 N'ov. 4 (Stephanus) 1049 
1598 March 7 (Kepler) 1110 n. 16 
ecliptic 

angles with altitude-circles 1 A 5, 4 
horizon see horizon, angles 
meridian 1 A 5, 3 
coordinates VI B 1.3 
obliquity see obliquity of eel. 
size and distance 953f. 

Egypt 612 

Egyptian astrology see astrology 
Egyptian astronomy Hi 
decans see decans (p. 1140) 

"Egyptian" observers or astronomers 5611", 
earth's shadow 661 
eclipses 666 n. 13 
moon, size 663 

parapegmata 581 n. 13: 5SS: 612: 929 
sun. apparent diameter 654; 65S; 661 
planets, order 690: 692; 695 
Egy ptian calendar .see calendar 
Egy ptian mathematics 559 
"Egyptian" planetary System see planetary 
theory, heliocentricity 
Egyptian year 559: 1061: 1064: 1071 
"Egyptians" as observers see Egyptian astron¬ 
omy 

Elements, fragmentary work of Ptolemy 941 

Elephantine 951 n. 9 

ellipse "68: 1035 

elliplicity of orbits VI B 7. 6 

Elias 1032 

elongation see lunar theory; planetary theory 
Enuma-Anu-Enlil 412: 598 
epact 120: 506 

circular diagram 978 
intercalary days 966f. 
syzygies 1047: 1053 
11:3.10- 360 
11:3.20- 445 

11:4- 395 f.: 408: 443: 471 r. 
epagomena! days 560 
ephemerides (see also Almanacs) 351: 373: 
412: VC 5. 3 
initial dates 406 
lunar 97 Table 7 
Mars I C5. 3 A; 205 
Venus ICS. 3 B: 205 f. 
ephemeris time 1070 
Epicurus 652 

epicycle I B I. 3 A; I D 2; 307 
epicycles, radii see lunar theory; planetary 
theory 

epicyclic anomaly see anomaly 
Epigenes 575: 721 n. 8 
epigrams 

Almagest 647 n. 5: 835 
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Apollonius 262 n. I 
Synesius S36 n. 22: 875 
Epiphi. Sirius and new moons 946 
epoch of day see day. epoch 
epoch uilues sec lunar theory: planetary 
theory: solar theory 
Epping 348:361 n. 2:545 
equanl see planetary theory, equanl 
equtilion of center 57: 1095 
maxima 
moon I B 3. 5 
planets 185 
sun 57: 59 

equation of day 61 n. 2 

equation of daylight 36 

equation of time 1 B 2; 584; 766; 915 n. 15: 

949; 972: 974: VC4.3B: VC4.4 B: 104S: 

VI B 1. 5 

truncated (for 4th lunar inequal.) 1110 
equatorial coordinates I A 3, 3; VI B 1.2 
equinoctial hours sec hours 
equinoxes {sec also: precession: seasons: sol¬ 
stices) 56: 276; 392; 11 intr. 3. 2: 363: 813: 929 
norm for vernal point 27S: IV A 4. 2 A 
T 0 C 30; 600 

T 8" 368; 372: 475: IV A 4. 2 A; 633 
T 10° 368:372:475:598 
T 12° 598 
T 15° 278: 598: 770 
era 

Alexander 1066 n. 1 
Alfonso X 1066 
Arsacid 1065: 1075 

Augustus 787: V A I. 3: 810E: 826: 902: 

909: 915: 966: 1047; 1066 

Byzantine see below World 

Caesar (Spanish era) 1066 n. 2 

Chaldean 159: 611 n. 27 

Christian 1061: 1063; 1065: 1066 

Constantine 10471'. 

death of Alexander see below Philip 

Diocletian 978: 1038: 1047 n. 21: 1052: 

1064: 1066 

Dionysius 159: 600: VI A 2. 4 
Ethiopic 1075 

Hijra 1063: 1066: 1072: 1074 
Incarnation 1066 
Kaliyuga 818: 1066 

Nabonassar 59: IIS: 307: 313: 320: 352: 
■387 n. 21: 60S; 974: 1066; 1072 
Philip 5S4 n. 39; 835; 902f.; 909 f.: 966; 

971: 974: 983: 1066 
Rome see below Varro 
Saka 6; 1073 

Seleucid 159: 349: 611 n. 27; 1065r 
Spanish ("Caesar") 1066 
Titus 7S7 


Two-Horned 1066 n. 1 
Varro (Rome) 1076 
World. Byzantine 1066: 1072: 1075 
Yazdegcrd 1061: 1066 
Erasmus 935 

Eratosthenes 100 n. 2: 304: 572: S4S; 935: 
938: 939 n. 19 
Catasterisms 2S7; 577 
elimata 334 

distance of sun and moon 660 
measurement of earth 304 f.: 6511'.: 734 
obliquity of ecliptic 734 
octacteris 620 
order of planets 692 
sexagesimal units 305 n. 27; 590 
size of sun and moon 663 
Eridanus. 3 291 n. 4 

errors and inaccuracies in computations {see 
also: accuracy) 91: 317 n. 15: 318: 970; 1022; 
103 3 f. 

Babylonian texts 415: 469: 491: 496 
Ptolemy 76 n. 2: 77; 79 n. 3; 91: 93: 127; 
179: !97f.; 1022 

scribal errors in MSS 260: 736 n. 10: 970; 
9X0 n. 16: 990: 1023 
signs in trigonom. functions 1022 
Escurial see Scot. 

Etesian winds see meteorology. winds 

ether 923: 926 

Ethiopic 

calendar 624: 1075 
clima 730 

length of day light 7081'. 
seasons 62S n. 10 
shadow tables 568: 741 f. 

Euclid 5711'. 

Data 841; 1037 
Elements 750: 756 
Book 1.7 1034 

Book 111.35 861 
Book IV* 1034 
Book V 268 
Book X 932 
Book XII 26S 
Book XIV 715 n. 5: 716 n. 8 
Optics 768: 893 
Phaenomena 4; IV D 3 
figures 752 n. 5 
euclidean algorithm VI C 4. 1 
Euctemon 623 n. 12; 965 
length of seasons 627: 6SS 
length of year 601 
"Metonic" cycle 5S5: 623 n. 12 
parapegma see parapegmata (p. 1155) 
school of Euctemon 3: 5S5 
solstices 294 
vernal point 600 
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Eudemus 684 n. 1 

Eudoxus 4; 13 n. 35; 278; 599 n. 10: IV C I; 
758; 761 
astrolabe 869 
astrology 608 f. 

Dog-Dialogs 676 

Enoptron 278 n. 9; 581 n. 8; 676; 733 n. 28 
fixed star phases 928 f. 
homocentric spheres 4; 112 n. 9; IV C 1.2; 
1094 n. 5 

irrational numbers 268 

length of daylight 711; 733 n. 28; 739; 746 

length of seasons 628 

lunar theory 624f. 

octaetcris 620 

papyrus see Eudoxus Papyrus 
parapegma see parapegmata (p. 1155) 
planetary theory see above homocentric 
spheres rising times 770 . 
solstices 278 n. 9 
Spherics 750 

stereographic projection 858; 869 n. 5 
sun and moon, sizes 662 
vernal point 596; 599 
winter solstice 579; 600 
Eudoxus Papyrus ( = P. Paris. 1) 600; 662; 
668; IV C 1, 3; 706; 756 
illustrations 654 n. 3: 687; 689 
order of planets 692 
Euergetes II 275 n. 12a 
Eugene of Palermo, Emir S39; 893 
Eusebius 727 

Eutocius 769; 838; 1032; V C 5. 2 B3 
evection see lunar theory, inequalities 
exaltations sec astrology 
Excerpts (type of Babylonian texts) 351 
exeligmos 310; 312; 586: 602 
Exeter Cathedral, missal 741: 745 n. 29 
extremal latitudes of planets see planetary 
theory, latitudes 

faces ( = decans) 561 
al-Farabl 839 

al-Farghanl 784 n. 24; 817 n. 2: 959 n. 37; 

1102 

Fasti Venusii 595 
Fecht 752 
feet 

division of gnomon 739; 744 
Ferrari d'Ochieppo 936 n. 6 
figures in Greek MSS (sec also: Eudoxus 
Papyrus) 686; 735; IV D 3,2: S37; 858; 

1044 n. 18; 1054 
letterings 754 

finger (see also: arcs) 530; 545 
division of gnomon : 12 finger 744 
eclipse magn. 522; 525 


Firmicus Maternus 562; 943; 953 
Achilles 950f. 

Hipparchus 331 
planetary visibility 831 
rising times 719; 729 
thema mundi 600 
vernal point 597 
first degree of sign see zero 
“five chapters" see Handy Tables 
fixed stars (see also: constellations; stellar 
coordinates; zodiac) special stars see under 
their names 53; VI B 3 

astrological significance 954 
catalogue of stars 32; 53; I E 2, I B; 

1 E 2.1 C: 369 n. 6: 545 n. 22; 546; 577; 836; 

843; 978: 1026; 1050: 1087 

circumpolar stars 1 E 2. 1 C 1; 335f. 

color 891 n. 10; 897: 954 

diameter, apparent 261; 330 

distances (see also below: parallax) 584; 

650; 920f.: 954 n. 19 

latitudes and winds 954 n. 24 

magnitude 261; 291 f.; 330: 875; 921; 928; 

931; 1027: 1050; 1087 

parallax 756; VI B 3. 2; 1089; 1097 n. 4 

phases 261; 5431',; 628 n. 10; 770f.; 

V B 8, I H 

proper motion VI B 3. 1 
radial velocity 1085 
sizes 693; 921; 965 
transits 561 

visibility 688; IV D 3. 3 A; IV D 3. 4; 

V A 3; VI B 5, 2; VI B 5. 3 
Flamsteed 11; 67 n. 4 
Flavigny 745 n. 24 

foot see feet 
forma 953 

Fortunate Islands 886 n, 9; 934f. 

Fotheringham 276; 617; 1057 

Fracastoro 13 

fractional dates 119 

France,"Anatolc VI: 21 

Frank, Erich 576 n, 7 

frequency of eclipses see eclipses, lunar and 

solar, intervals 

Fronto 331 

Fructus 897 

full and hollow months 353: 476; 504 
fulsio 234 n. 1 

GADEx 351; 357; 360; 363 
Gaillot 1096 
galaxy see Milky Way 
Galen 

division of circle 790 n. 2 
geocentricity 748 
on Euclid 750 
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on Hipparchus 293: 308: 309 n. 2: 339 
on Hippocrates 308 n. I; 339 n. 10 
on seven-month children 309 n. 2 
Galileo 892 
Gallus 808 

"gates" (orlive amplitude) 387 n. 17 
Gauss 11: 24 n. 3: 569: 1097 n. 3 
Gemini, 6 Gem 1027 n. 9 
Geminus 4SI: IV Intr.: IV A 3: 652 n. 5 
astrology 583; 769: 953 n. 6 
date IV .4 3. 1 
geographical zones 733 
lunar theory 602 

parapegma see parapegmata (p. 1155) 
Proclus, Sphaera 1036 
rising limes 769 
geocentric coordinates VI B 4 
geocentricity 748 

geographical coordinates 846: 937f. 
latitude 1 A 4; I A 4. 7; I E 6. 3 A: 766; 
844; 938 

longitude I E 6. 3 B; 667f.; 938 
geography (sir also: climata; length of day¬ 
light; Hipparchus, geogr.: maps: Ptolemy. 
Geogr.) 

early math, geogr. I E 6. 3: IV D I, 3 B 
shadow lengths IVD2.2 
George. "Bishop of the Arabians" 597; 707: 
720 

Georgian menologia 711 
Georgios Chrysokokkes see Chrysokokkes 
Georgios of Trapezunt 162 n. 3 
Georgius 1039 

Georgius Synccllus see Svncellus 
Gerbert (Pope Sylvester II) 723; 731; 

740 n. 16; 841 n.’lS 
Gergis 724 

Gerard of Cremona 12: 162 n. 3: 834 n. 8: 

841 n. 16 

Ghazna 8 n. 18 

glass, refractive index 894f. 

Ginzcl 297: 1072 
Handbuch 1074 
globe 

celestial globe 581 f.: 871: 1027 
globe-readings 891:931 
precession-globe V B 4, l 
terrestrial globe 735; S92: V B 4, 4 
gnomon sec shadow of gnomon: sun dials 
goal-year texts, periods 151: 351: 391 n. 4: 
456: 545f.; 554: 565: 1037: 1051 
Jupiter 391 n. 4: 441: 1125 
Mars 456 
Mercury 467 
Godfrey 1112 
golden number 1063 
Goldstein. B. 13 n. 35: 227 n. 3: 900: 918 


Gordianus 825 

grace, years of 624 n. 15 

graduation of instruments see instruments 

Grand, anaphoric clock, diptychs 870 n. 6 

Granger. F. 844 n. 6 

graphical methods sir nomographs 

Gratian 952 

Gravius 11 n. 30 

Great Bear ( = llma) 2S5: 2SSf.: 336: 561 

great circle distances 764f. 

great year, cosmic period 563: 603 n. 21: 606: 

618: 621; 952 n. 12 

"greatest" planets 584 n. 37 

Greece 

length of daylight 581 : 711: 733 n. 28; 739; 
746 

meteorological data 740 n. 15 
shadow length 746 
Greek Anthology 835 
"Greek-letter" phenomena 386: 397 
auxiliary points 405 
"satellites" 400f. 

Greek mathematics 1034 
gregorian years see calendar, reform 
Gregorius 1031 

Gregory Chioniades see Chioniades 
Gregory of Tours 710f. 

Grume I 1075 
Gunther. S. 879 n. 1 
Guild el. W. 286:999 

Habash 8 

"habitations" 757 

hab-rat. hab 523: 539 n. 5: 550 

hair sec arcs, units 

al-Haitham sec Ibn al-Haitham 

half major axis 1097 

Hailey 262: 781 

proper motion of fixed stars I0S4 
"Saros" 497 n. 2 

transits of Venus and Mercury 227 n. 3: 819 
Halma 781; 969 n. 6; 1049 n. 3*2 
Almagest 837 
Handy Tables 969: 976 
Planetary Hypotheses 900 
Royal Canon 1026 

Handy Tables 55; 118: 260; 83S n. 6; 904f.: 
949; 957; 966; 968: V C4: 1040: 1051 
catalogue of stars 1050 
equation of time 67: 949; V C 4. 3 B 
"five chapters" 104S 
introduction to H.T. V C 5. 2 B 5 
Latin version see preceptum can. Ptol. 
planetary phases 244: I C 8. 5: V C 4, 5 C 
Proclus' horoscope 1032ff. 

Saturn, epoch values 182 n. 15: 912 n. 5: 
1004 n. 4 
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Handy Tables (contin.) 

spherical astron. 42: V C 4. 2 A 
variants V C 4, 1 B; 1026 
harmonic means 1114 
Harmonics see Ptolemy. Harmonics 
harmony, cosmic 917; V B 8.2; 1029 
Harriot 296 n. 26 
Hartner 168; 918; 1035 n. 18a 
Heath 635 

Hebrew version of Plan. Hypot. 918 
Heegard 900 n. 3; 918 
Hegel 15: 660 n. 4 
Heiberg 781: 837; 840 n. 5 
hcktemoros 849ff.; 853: 1045 
heliacal rising sec fixed stars, phases 
Helicon 666 n. 8 
heliocentric 
coordinates VI B 4 

distances of planets sec planetary theory, dis¬ 
tances 

eccentricities of planets see planetary theory, 
heliocenlricitv 

latitudes of planets sec planetary theory, 
heliocenlricitv 

Heliodorus 1028: 1031: 1038: 1043 
astrolabe 878 
ephemerides 1055 
observations 1109 n. 7 
Olympiodorus 955 n. 2 
planetary periods 605 n. 6; 1051 f. 
planetary phases 259; 1044 n. 13 
Heliopolis 929 n. 9 

Helios miniature in [V] 838 n. 4; 976; 978 n. 3 
Hellespont 41: 115: 117; 711; 739; 747: 929: 
951 

eclipse see eclipse, solar. -309 and - 189 
hemerology 1057 f. 

Henderson 502 n. I 

Hephaistio 331; 834 n. 7: 954; 958: 1036 
Heptomades 727 n. 22 
Heraelides Ponticus IV C 2. 2 
Heraclitus 618 

Heraclius II: 1028: 1032: 1037n. 10: 

V C 5. 2 B 5 

Hermann the Dalmatian 871 
Hermelink 841 n. 20 
Hermes, oracle of 687 n. 4 
Hermes Trismegistus 611; 954 

liber Herni. Trism. 280; 286f.; 291; 594: 999 
Hermias 1031: 1039 
Heron 559: V B 2. 4 A: 939 n. 19 
analemma 860 
date S46 
definitions 756 
Dioptra 35 V B 2. 4 B 
distance Alexandria-Rome 61; 667; 

V B 2. 4 B 


Metrica 300 
optics 893 
trigonometry 300 
Heronic formula for triangles 845 
Herschel, John F.W. 284; 1112 
Herz. N. 699; 702:1112 
Hesiod 573: 1090 
Hexapterygon 13: 483 n. 4 
hijra. era see era. hijra 
Hill 173 n. 1; 178 n. 6 
Hiller von Gaertringcn 698 
Hindu astronomy see Indian astron. 

Hindu numerals 1113 
Hipparchus 4: 1 E: 675 
Alexandria 305 
analemma 30Iff. 

urithmetrical methods 305; 736: 76S 
astrology I E 6. 2: 710 
biographical data 89: I E 1: 338 
catalogue of stars I E 2. I C: I E 2. 1 C I : 
332:577: 1027 
climuta sec below geography 
commentary to Aratus 274 et passim 
eclipses 129; I E 5, 2; 896 n. 25 
intervals I E 5. 2 B 
epicyclic motion 307; 1 E 5. 1 C 
equinoxes I E 2, 2 A; 596; 600: 633 
fixed stars 
diameter 330 
magnitudes 291: 330 
phases 928 

geography 304: 1 E 6, 3; 930 n. 11: 

939~n. 19' 
climata 333 

geogr. latitudes 304f.: I E 6. 3 A 
geogr. longitudes 1 E 6. 3 B; S46: 939 
length of daylight 305; 746f. 
measurement of earth 653: 654 n. 12: 734 
shadow length 336; 746 
India sec Indian astronomy. Hipparchus 
intercalation cycle I E 2, 2 B 
length of seasons 58: 749; 757 
length of year, precession 54: 1 E 2: 

I E 2.2 A: 1 E 2, 2 C; 339 n. 10: I0S3 
logic 338- 

lunar theory (see also below: moon) 1 E 5: 
824 

anomaly, mean motion 79; 481 
deferent, norm 315 
eccentricity I E 5. 1 C 
epicycle radius I E 5. 1 C 
inequalities 84: 89 
latitude 

inclination of orbit 626 
mean motion 81; 1 E 5, 1 B 
length of month 309 n. 2: 339 n. 10 
observation in —126 89: 323 
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parallax 92: 1 E 5. 3 
period relations 1 E 5. 1 A 
Lysis 339 
Mercury. Spica 159 
moon 

diameter, apparent: shadow 313: 667 
distance I B 5. 4 A: 316: I E 5, 4 
size 326: 962 

obliquity of ecliptic 303: 734 
optics 33S 
refraction 896 

parallax see above lunar theory: see below 
solar theory 

planetary theory I E 6. I 
apparent diameter of Venus and Mars 
330 

precession see above length of year 
refraction see above optics 
seasons see above length of seasons 
sexagesimal system 305 n. 27: 590 
shadow lengths see above geography 
solar theory 57: 1 E 4 
parallax I E 5. 4 B 
spherical astronomy 1 E 3. 2 
stereographic projection, astrolabe S58: 

V B 3. 7 B: 873 

sun. distance I B 5. 4 A: I E 5. 4 
sun. size 326: 962 
trepidation of equinoxes 29S: 633 
trigonometry, table of chords I E 3. 1: 342: 
671 f.: 773: 88! n. I: 1132 
year see above length of year 
Hippocrates 308 n. 1: 339 n. 10; n. 11 
Hippolytus 262: 568 n. 8: 618: 647: 660; 944 
hippopede 625: 627: 677f.: 1094 tr. 5 
History of Science 1051 
Hittite omina from date of birth 609 n. 13a 
hodometers 846 

hollow months see full and hollow months 
homocentric spheres see Eudoxus: hippopede 
Honigmann 336: 951 n. 9: 970 
Hopfner 881 n. I :_884 n. 4 
It ora ri us 849 ff. 

horizon (see also: arcus visionis) 
angles with ecliptic I A 5. 2: 50f.; 

I C 8.2 B: 245; 257 
coordinates VI B 1. I 
planetary phases near horizon 3S7 
hovizoiua/is (spherical coordinate) 849; 851 
horizontal parallax .sir parallax, lunar 
horocrator 740 
horoscopes (see also: astrology) 

Heraclitus 1050 

Islam 1050 

110 March 15 793 

303 March 14 (Ceionius) 954 

380 Nov. 26 (Hephaistio) 954 n. 29 


412 Febr. S (Proclus) 1032 
497 (Eutocius) 1042 
horoscopic instrument see astrolabe 
horoscopes see ascendant 
hour angle 1080 
hour circles 279: S60: 872 
hour curses see sun dials 
hours 40: 561 : 1069 
equinoctial 279: 367: 706 n. 2: 731 
seasonal V C 4. 2 B: 1048 
analemma 844 f.: 847 
astrolabe, ster. proj. V B 3. 7 C: 872: 
878: 956; 1040 

Huber. P. 369: 412 n. 2: 413: 418 n. I: 452: 
457: 476 n. 6 
Huggins. W. 1085 n. 5 
Hulagu Khan 10 

Hultsch 316n. 9: 325: 655 n. I: 752 n. 2: 

76S n. II: 781 

Huygens S96 n. 26: 1061 n. I 
H\en 106 n. 12 

Hyginus. Astronomicon 582 n. 21: 597: . 

71 I n. 26 

Hyginus. geodesist 841 f. 

Hypatia 5: S38: 873; 965 
Hypsicles 306 n. 34: 572 
Alexandria. M.m 336: 747 
degrees 590 

rising limes IV n I. 2 A: 728: 1043 
lamblichus 60S 

I bn al-Banna 74! : 743: 745 n 26 
I bn al-Haitham 893 f.: 918 n. I 
Ibn al-Muthanna 12 
I bn ash-Shat ir 11: 1109 
Ibn Ezra 12 
lbn Khaldun 749 n. S 
Ibrahim b. Sinftn 841: 856 
Ideler 297 n. 7: 836; 976; 1026 n. 1 
Handbuch J074 
Ilk hum zi j 10 

illustrations see figures in Greek MSS: Helios 
miniature 

Immanuel Bonfils 13 

"important cities” S35: 937: 974: 976: 978: 
1025 

inaccuracies in 
computations see errors 
geographical data 653: 726 n. 14 
instruments 54 
incarnation see era 
inches (undue) 748 
inclination 

of eclipses see prosneusis 
of lunar epicycle see prosneusis 
of planetary epicycles (r/x/.un; and 
/(Civcic) 209: 2!2f. 
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Indian astronomy Intr. 2 C: 7f.; 1076 
analemma methods 302 n. 11: 303 n. 20: 
n. 21 

Babylonian influences Intr. 2 C; 7: II A 7. 1 
lunar theory (ree also below: tithi) 481: 

V A 2, 1 

planetary theory 438; 440 : 446: 452 : 456: 
473; 965 

rising times 371: 898; 904 n. 14 
hellenistic influences Intr. 2 C; 293 n. 9: 

317 n. 11 

Hipparchus 279; 299; 30!; 325 n. 4; 

341 f.: 672 ; 858; 1129 

lunar theory 325 n. 4; 669; 809: 

VA 2. 1 D 1 
planetary theory 965 
order of planets 435; 604 n. 4: 691: 

785 n. 6 

interpolation methods 306: 1014 
lunar theory 819 n. 10; 904 n. 14 
Mars 456: 45Sff.; 947 n. 13 
Mercury 473 
moon 662 n. 5 

Panca-Siddhanlika 456: 458f.: 473; 531 

Paulisa-Siddhanta 531 

planetary theory II A 7, I; 695 n. 13: 

IV C 3. 8; 965 

polar longitude/latitude 279: 299: 340: S5S: 
1082 

Romaka Siddhanta 293 n. 9 
solar velocity 531 

Tamil astronomy 313 n. 6; 325 n. 4: 809: 

VA 2. 1 D 1; VA 2, 1 D 2 
steps 669: 809 
tithi 349; 360 

trigonometry 299: 303 n. 12; 672: 819 n. 10: 
1116 

Indian chronology 1073: 1076 
iniliciio 1047 n. 21: 1062: 1076 
Indus-civilization 1073 
inequalities sec lunar theory 
inequality of seasons see seasons, length 
inferior 758 

inhabited world see oikoumenc 
inscriptions see Keskinto 

see Nimrud Dagh 
see parapegmata, Miletus 
see Ptolemy. Canobic Inscr. 
instruments (see also: clocks; sun dials) 1036 
graduation 101; 854; 875 
inaccuracy 54 

zenith distance, measurement 100 
intercalary days see epact 
intercalary year 946 
intercalations see cycles 
interchange of hemisphere IV D 3. 3 D: 764f. 
“Intermediate Books" 769 


interpolation-methods 
Babylonian ephemerides 412: 414ff. 
coefficients for planetary tables 185; 1003; 

i o 1 3 r. 

parallaxes 134 n. 2 
inversion I D 2. 1 

invisibility see fixed stars, visibility: lunar 
theory, visibility 

invisible circle, greatest V B 3, 5 
Iranian shadow tables 744 
irrational numbers 268; 749 n. 5 
irregular numbers 532:544 
Isaac Argvros 11 
Isfahan, observatory 10 
Isia .see Isis festival 
Isidore of Kiev 13 

Isidore of Seville 16; 597: 663: 834 n. 8 

Isidorus 1031 

Isis festival IV A 3. I 

Islam 

astrology 8: 606 n. 14; 958 n. 28 
astronomy Intr. 2 D; 14: 918 n. 2 
calendar 354:548:1074 
eclipse magnitudes 141 
horoscope 1050 
iteration methods 1099 n. 2 
shadow tables 741: 743 f. 
solar apogee 307 
isoperimetric figures 769: 1043 
Italy, as place of observations 711 n. 26: 929 
iteration methods I76f.; 1099 n. 2 

Jacob of Edessa 1041 

Jacobite mcnologia 723; 731 

Jagrmni 918 n. 1 

Jalal ad-DTn see Malikshah 

Jet-Propulsion-Laboratory 566 

Jewish astronomers 12 

Joannes Damascenus 663 n. 14: 711 n. 26 

Joannes Lydus see Lydus 

Johannes Scotus Erigena 597 

John Carter Brown Library 886 n. 10 

John Philoponus see Philoponus 

joins 350 

Josippus 944 

julian dates 1057 

conversion to alexandrian dates 799 
julian 

day 1061: 1070 n. 3; 1074 
period 1063 
year 1061:1083 
Jumieges. missal 741: 745 n. 29 
jumps 376 
Jupiter 

ephemerides 392ff.: 786 

daily motion, interpolation method 

II A 5, 3 A 
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distance 648f. 

epoch values Nab. I 910 n. 3 

invisibility 832 

latitude 211 

periods 783; 1125 

subdivision of synodic arc II A 5, 1 A; 423 
of synodic time II A 5. 2 A 
System B 429 f. 

Vcttius Valens 795 
al-.lurjanT see Abu Sa‘id ad-Darir 
Justinian 1031 

Kalanos. gymnosophisl sec Kallaneos 
Kaliyuga see era. Kaliyuga 
Kallaneos from India 588 
Kalonymos 900 
Kandalanu 554 
kardaga 299; 303; 672 n. 27 
Kempf 1112 

Kennedy, E.S. 259f.; 343 n. 39 
Kepler 98; 217; 262; 274; 1087 n. 2 
annual lunar equation 1110 
astrology 932 

eclipses 108 n. 12; 1110 n. 16 
Myst. Cosm. and Harm. Mundi 918; 931 
occultation of ft Scor by Mars 182 n. 14 
parallax 111; 634 

planetary theory 155; 161 n. 11.; 171 f : 217 
refraction 896 n. 26 
solar latitude 630 
transits of Mercury 227 n. 3 
Kepler motion VI B 7 
Kepler's equation 1098; 1099 n. 2 
Kepler's laws VI B 7, 3 ' ' 

third law 932 n. 3; 1098 
perturbations 1103ff. 

Kerkesoura = Kerkeosiris 676 n. 10 
Keskinto inscription 275 n. 11; 571; IV C 3; 
719 

order of planets 692 '■ 

Khandakhiidyaka see Brahmagupta 
al-Khazirii see Sanjari Zij 
Khoiak 560; 580 ' 

Khosro 1 Anbsharwan 8 
al-Khwarizmi 8: 12; 345 
Kidenas see Kidinnu 
Kidinnu 263; 602; 611; 804 
king list sec royal canon 
kitab al-manshurat 918 
Koppe 837 
Kroll 1034 n. II 

Kubitschek 343 n. 39; 973: 976; 1075 
Kugler 17; 309; 341: 347ff.; 369; 432 
Kuvundjik 353 n. 11 

I 

hn-oimmis 844 n. 7 
Lagrange I 120 n. 5 


Lalande 836; 1093 n. 2; 1111 n. 27 
LaLouberc 821 
Lammert 940 
Laplace 569 
Lartos 698 n. 1 
Lasserre 676 
large hours 366 
Latin version 
of Almagest see Almagest 
of Handy Tables see preceptum can. Ptol. 
latitude 

geographical see geographical coordinates 
lunar see lunar theory 
planetary see planetary theory 
solar see solar theory 
winds 952 n. 24 
Laur. gr. 28,7 983 n. 33 
Laur. gr. 28.26 966 n. 18; 970 
leap years see cycles, intercalation-cycles 
least squares 11 
LeGentil V A 2, 1 D 2 
Leibniz 896 n. 26 
Leidensis gr. 78 965 n. 5; 970 
Lejeune 647; 836 n. 35; V B 5 
Lelewel 886 n. 9 
Lcmonnier 836 

length of daylight I A 4, 6; IV D I, 1; 

IV D 1,2; IV D 3, 5 
Analemma construction 845 
in Armenia 711 

in Babylonian astron. II Intr. 4. 2: 543; 

545; IV D 1, 1 

in Byzantium see Byzantium, latitude 
in Egyptian astron. 706 
in Ethiopic astron. 708f. 
in Greece 581; 710L; 739; 746. 
in Greek astronomy 6S8; 706; 711 
longest daylight and geogr. lat. 37; 937f. 
Planisphaerium construction 864 
length or lire 606:721 
length of seasons see seasons 
length of year see year 
Leo 0° 6*70 f.; 812 . - 

'Leo a .vce Regulus ' 

Leo V, Leo VI II; 970 
Leo, mathemat. 1032 n. 20 
Leptines 687 

Letronne 653 n. 4; 837 n. 12: 960 n. 2 
Leverrier 158 n. 1 

Liber Hermetis Trismegisti see Hermes Trisme- 

gistos 

libration 

or Mercury see Mercury 
of vernal point see precession of the equi¬ 
noxes, trepidaiion 
light year 1086 

linear combination of periods 391: 441 f. 
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linear methods see arithmetical methods 
linear saw function 379; 392 n. 5; 520 
Linus 618 

lillera dominicalis 1057 
"Little Astronomy” 768f. 

Little Bear ( = Unti) 285; 289f.; 335 
locollionnis 844 n. 7 
Loeb Classical Library 15 n. I 
Lollianus 953 n. I I 
longest daylight see length of daylight 
longitude, geographical see geographical coor¬ 
dinates 

Longomontanus 111(1 n. 18 
Lucian 659 

Luckey 771 n. 1; 836 n. 35; 840 
lucky and unlucky days 609 n. 13b 
lunar calendar (see also: calendar) 474; 

534 n. I; 927; 1057; 1075 

lunar cycles see cycles, luni-solar 

lunar days see tilhi 

lunar eclipses see eclipses 

lunar mansions 6: 1073 n. 2 

lunar months 353; 358 

lunar phases see moon, phases 

lunar theory (see also :'-Babylonian astronomy; 

moon) I B; II B; VA 2. I; 903; 914: 925; 

V C 4. 4 

anomaly (see also: anomalistic month) 

I B 3. 3; I B 3. 4 C: 80; V A 2. I F. 
apogee 81) 
apsidal line 88; 1105 
distance see moon, distance 
double elongation 86 

eccentricity of lunar orbit 86: 87; 173: 315; 
1105 

elongation 70; 86 

epicycle, radius 1 B 3, 4; I D2.2: 

I E 5. 1 C; 1034 n. 10 

epoch values, mean moon I B 3, 4 C: 

I B 3. 6 B: V C 4. 4 B 
exeligmos see exeligmos (p. 1144) 

Geminus 584 
inequalities VI B 8 

first (i.e. “simple theory") 1 B 3; 1107 
second ("erection”) 69: I B4; 85: 87; 

1 B 4. 3: 1107: VI B 8. 3 A 
the name 1109 

third ("variation”) 85; 1107: llOSn. 3: 
VI B S. 3 B 

fourth ("annual equation") 1107: 

VI B 8, 3 C 

latitude (see also: draconitic month) 68: 

1 B 3. 6: 94: 96; 101: 1 E 5, B: 583: 1036: 

VI B S. 2; VI B 8. 3 D 
argument of latitude 80; VA 2. 1 A: S28 
inclination of orbit (/') 

4;30° (India) 819 n. 10 


5° 101:626 
6° 583:626:782 
variability V) B 8. 2: VI B 8, 3 D 
nodal motion 70: 810; S13; 818; 826; 
828 n. 12; 914; 1106: 1107: VI B 8. 3 D 
northern limit (N) 80 
mean apogee 88 

mean motion I B 3. 2; I B 3. 4 C; 

I B 3. 6 A; V C 4. 4 A 
parallax .see parallax, lunar 
period relations 69f.: I E 5. I A: 378: 502 
phases see moon, phases 
syzygies I B 4. 4; I B 6. 1: I B 6. 2 
velocity 122: II B 2: 586: 602: 974: 1001 
visibility, first and last 45: 141 n. 1: 476; 
VA 3. 1: 958 
lunar year 354 
lunarium 936 n. 8; 973; 9”S 
luni-solar cycles see cycles 
Lupus./ Lup 1027 
Lydus .319 n. 1; 605 n. 13 
Ljsimachia 960; 962 
Lysis 339 

Macedonia, as place of observations 739 n. 9; 
744: 929 

inacedonian months 710 
Macnaughlon 566 
Maerohius 

Commentary to Somnium Sci. 1029 
fixed stars, proper motion 1084 
great year 618 
planetary theory 650: 695 
sun. size and distance 661 
Maeotis 961; 1030 
magic. Coptic 568 

magnitude of eclipses see eclipses, lunar and 
solar digits 

magnitude of stars see fixed stars 

Mahmud of Ghazna 8 

Maimonides 12: 483 n. 4 

majorvixis of elliptic orbits see half major axis 

al-MajritT see Maslama al-.M. 

Malalas 834 n. 8 
Malikshfih -10 
Jalalt calendar 10 
mana 70S 
munda-epicycle 704 
Manetho 597: 611 n. 30: ”80 
maneus 844 n. 10 
Manichacans 1029 
Manilius 596 
rising times 718:722 
stellar magnitudes 292 
Manitius 302 n. 10: 78!: S37 
Manuel Comnenus 11 
maps, geographical 735: V B 4 
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Maragha. observatory 10; 387 n. 20 

Marc. gr. 303 258 

Marc. gr. 313 1038 n. 11 

Marc. gr. 314 672 f.; 735 n. 26; 939 n. 11: 

978 n. 6; 1000 n. 3 

Marc. gr. 325 38: 669 n. 6; 1045 n. 6; 1069 n. 6 
Marcianus of Heracleia Pontica 834 n. 7 
Mardokempados 77 
Maria Laach 348 
Marinus. geographer 935; 939 
projection 735; V B 4, I; 880 
Marinus, Neoplatonisl 840; 1031 f.; 1036 
Maronite menologia 711 
Mars 

diameter 261; 330 
distance IV B 3, 2 B e/eej: 
ephemeris for Nab. 450/451 I C 5, 3 A; 220; 
1008 

latitude 209ff; 1007f. 

periods, approximate 426; 783; 795; 899 

phase at 90° 792; 805 

retrogradation 400f.; 406; 459; 682; 684 

stationary, interval 792 

synodic arc, subdivision II A 5, 1 B; 423; 

947 

synodic time, subdivision II A 5,2 B 
Vetlius Valens 795 : VjigVf 

visibility 792 . 

Martianus Cupella 1028; 1030 
Carthage 724 

division of quadrant 590 n. 2 
length of daylight 723; 731; 959 
luni-solar cycle 1030 
Mars, phase at 90° 792 n. 12; .805 
measurement of earth 651 
moon 

latitude 1030 
size 659: 664 
planetary theory 695 

apogees 802 n. 5; 803 n. 6 
cause of motion 803 
maximum elongations 804 
periods 784 
visibility 83If. 
solar theory 

eclipses 668: 1030 
latitude 630 
vernal point 597 
Mashii'ullah S: 958 n. 2S 
Maslama al-Majriti 12: S39 n. 15; 871 
Massa Compoti 1063 
Mas'ud 8: 10 

mathematical texts. Old-Bubylonian 412 
Mathesis sec Firmicus Maternus 
matrix 

of planetary coordinates 397; 404; 447 
of soistice-Sirius dates 365 


Ma-tuan-lin 284 
Mauroiicus 856 

maximum elongation see planetary theory, 

elongations 

Maya 2 

Mayer. Tobias 820 

mean motions see lunar theory; planetary 

theory; solar theory 

mean solar day see day, solar day 

mean sun see solar theory 

mean synodic arc see Babylonian astronomy, 

synodic arc 

measurement of earth 100; 646; 650: 

IV B 3, 3 A; 734; 962: 1043 
mechanical models of planetary motion sec 
planetary theory, mechanical models 
Mechanics, fragmentary work of Ptolemy 941 
mediatio coeli see polar longitude 
medieval science Intr. 2 D 
length of daylight; geography 707; 724 ; 728 
medievalism in Greek astronomy 5; 261; 
808; 948 

planetary theory 802 n. 5 
shadow tables 737; 741; 745 
solar latitude 630 
vernal point 597 
Melanchtlton 1036 
meiuii'iis 844; 847 
Mcnaichmos 676 
Menelaus 

catalogue of stars 288 

observation A.D. 98 41:60; i 17; 288; 848 

trigonometry 
plane 299 n. 1 
spherical I A 2, 1: 301 n. 
menologia (see also: Calendarium) 711: 723; 
731 

Mercury I C 3: 650; 925 
arcus visionis see below phases 
daily motion II A 5, 3 B , 
distance IV b 3. 2B 
eccentricities 907; 1054 
epicycle 907; 1054 
Greek-Ictter phenomena II A 5. I C 
invisibility 832 f. 
latitude 215:221:672 
Leverrier 158 n. I 
. libration 1035 
longitude 800 

maximum elongation see planetary theory, 

elongations ' 

mean distance 1014 n. 6 

omitted phases ("passed by”) 1 C 8. 3 B: 

255; 403; S05 n. 29 

perigees 163; 168 

periods 402: 7S4; 900 n. 25 

phases 235; 243; 831; 907: 1017 
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Mercury (contin.) 

position with respect to sun and Venus 647 
retrogradations and stations 193: 195f.: 

199 r.'- 202 rr.; 419 
transits 227; 229: 691 
visibility sec above phases 
meridian 

angles with ecliptic I A 5, 3; 50f. 
fixed star phases 771 

meridian line, determination (see also: Alexan¬ 
dria: Syene) V B 2, 2 B 
meridiamts (spherical coordinate) 849; 851 
Meroe (see also: Anti-Meroe) 335; 880; 961: 
980 

meteorology 141; 670; 740 n. 15: 829 
weather prognostication 141; 5S7T.: 617; 
669: 844; 929, 999 

winds 37: 141: 999; 1044 n. IS: 1049 
Etesian winds 928 
‘‘steps" related to winds see steps 
Meteoroscopeion 941 
meteors 894 n. 21 

Metochites see Theodoros Metochitcs 
Meton 623 n. 12; 965 
cycle wf cycles, luni-solar 
length of year 601 
pnrapegma 585 n. 49; 588: 926: 929 
school 3 
solstices 294 
Metrodoros 929 

Metropolitan Museum, N.Y. 352 
Meyerhof 1042 

Michael Chrysokokkes see Chrysokokkes. 

Michael Scot 13 

mid-day 765 n. 10 

Middle Ages see medieval science 

midheaven see culminating point 

Mid-Pontus 335; 725; 767 n. 16 

Miletus, parapegmata 587 f. 

miniature see Helios miniature 

Milky Way 756; 840; 890; 892 

missals 741:745 

Mobius 1112 

models, mechanical see planetary theory. 

mechanical models 

Moerbeke see William of Moerbeke 

Mogenet 752; 838 n. 20; 968; 1042 

Mollweide 841; S88 n. 19; 889 n. 4 

momenta 696: 804 

Mommsen 595 

Monac. 287 259 n. 16a 

Mongols 10 

month 757 n. 5 

anomalistic sec anomalistic month 
draconitic see draconitic month 
sidereal see sidereal month 
synodic see synodic month 


moon (see also: lunar theory) 
constitution 662 

daily motion see lunar theory, velocity 
diameter (or radius) 

actual 105; 109: IV B 3, 3 B; IV B 3, 4 C 
apparent IV B 3, 4 A 
Aristarchus 635; IV B 3, 1 E 
Babylonian 539 
digits 592: 658 
Handy Tables 1000 
Hipparchus 313; 325 
Ptolemy i04; 125 
distance I B5, 2; 109; 316; 638: 

IV B 3. 2 B: 655; IV B 3, 4 B: 917; 1044 

latitude see lunar theory, latitude 

ortive amplitude see ortive amplitude, moon 

parallax see parallax (p. 1154) 

phases 550; 635: 843; 962 

shadow 963 

size see above diameter, actual 
sphericity 662 

terminator 639 ; 644: 962: 968 n. 32 
transparency 662 
visibility VA 3, 1 
morning epoch see day, epoch 
Mozarab 745 

Mugler 733 n. 10; 1034 ni 11 
mu 'Apin 544: 598; 70S; 736 n. 3 
mumtahnn zlj 8: 288 n. 37 
Muslim see Islam 

al-Muthanna see Ibn al-Muthanna 
Mysterium cosmographicum 836 n. 24; 932 
Mzik 836 n. 35; 935 n. 7 

Nabonassar (see also: era, Nabonassar) 608 
Nabupolussar 542 
Naburianus 611 
an-NairizI 841 
nakshatra see lunar mansions 
Nallino 17: 837 
NasTr ad-DTn at-Tusf see Tusf 
Naub'akht 8 
navagrahas 387 n. 12 
Nebuchadnezzar 542 
nebulae lt)27 
Nechepso 718 n. 10; 721 
Nechepso-Petosiris 660: 721 
Needham 1073 n. 2 
Neoplatonists V C 5, 2 B 
Nero, regnal years 814; 815 n. 2 
netherworld 735 
Neugebauer, O. II A 6, 3 
Neugebauer, P.V. 316 n. 9; 1091 
Chronology 1074 

Newcomb 434; 497 n. 2; 1094 n. 2; n. 5 
Newton 15 : 892: 1103; 1112 
Nicaea, Bithynia 275 
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Nicephoros Gregorys 11: 869 n. 2: 872f.: 

1037: 1069 n. 6 

Nicholas of Cusa 13 

Nicomachus of Gerasa 1042 

Nicomedes see cochloid 

Nieidius Figulus 729 n. 15 

Nimrud Dagh 575 

Nineveh see Kuyundjik 

Nix 900:918 

Nobbe 935:937 

nodal line, nodes 

of lunar orbit see lunar theory, latitude 
of planetary orbits see planetary theory, lati¬ 
tude 

nodical month see draconitic month 
pornography V B 2. 6 C: 984: 990; 1004: 1036 
nonagenarius (for Mars) 792: 805 
non-intersecting semicircles IV D 3, 3 C 
normal arcus visionis I C 8. 2 
normal-star-almanacs see Almanacs. Babyl. 
normal stars (Babylonian) 426; 545; II C 3; 
593; 1027 
above/'beiow 546 

Normal Star Almanacs 456 n. 10; 545 f.; 555 
normed right ascension 42 
Nova Scorpii 284 
Novius Facundus 698 n. 36 . 
number period 374; 377 
numerology 

in Greek astrology 954f.; 958 
astronomy 605; 611 n. 30; 619: 631: 660: 
693; 733: 806; 917: 934 n. 14 
Plato 649 

Pythagorean 619: 660: 662 
nychthemeron 913 

oblique ascensions {see also: ascensional diff.) 

31 n. 1: 1 A 4. I: 35: IV D 1.2: IV D 3. 5; 

V B 3. 4; 954; 974; 97S; 1043 
climata and rising times IV D 1. 3 A 
earliest date attested in Alexandria 721 
System A and B II Intr. 4. 1; 371; 536: 770 
obliquity of ecliptic -1079; 1084 
£ = 23:50 281 : 883: 935 
£ = 23:51 48 n. 1: 257: 892: 979 
£ = 23:51,20 43:734:901:913 
£ = 24(15-gon) 349 f.: 303 ; 335; 582; 629: 
733; 772 n. 5: 844: 889: 1034 
observations {see also: accuracy) 
fictitious 101; 653: 739; 964- 1029f.: 1037 
limits of accuracy accepted by Ptolemy 99 
role of observations 14: 69 
observatories 10 
Eudoxus 676 n. 10 
Isfahan 10 

Maragha 10; 387 n. 20 
Samarkand 11 


occultation of planets 950: 1037: 1040 f. 
occultation of stars 1050 
hv the moon 
P Sco 117 

zVir(Spica) 295 n. 25 
h Vir 295 n. 23 
by a planet 

5 Can by Jupiter 182 
p Sco by Mars 182 
i; Vir by Venus 156 
occurrences 373 

octaeteris see cycles, luni-solar, 8 years 
octants of the lunar orbit 89 
oikoumenc. inhabited world 132f.; 735; 

S79f.; 889: 935 
Oinopides 619 
Olybrius 954 

Olympiodorus 1032: 1037; V C 5. 2 B 4 
Comm, to Paulus Alex. 955; 1043 
Mars, phase at 90° 792 n. 15 
rising times 957 
oniinu 609: IVA 4, 4 C 
lunar oruina 568: 608 
Ophiuchus 1027 
OppoJzer. Canon 319:1070 
opposition as fixed star phase 363: 386 
oppositions of outer planets see planetary theory 
optical illusions 896 

optics isee also: refraction) 15 n. 43; 749; 756; 
768: V B 5; 1042 
Archimedes 647 
oracle-bones 1073 

oracles of Hermes and Serapis 687 n. 4 
orbital period 1095 
order of planets see planetary theory 
Origenes 21 
Orio 666 
Orion 561 : 1027 
c Ori 1026 n. 4 

ortive amplitude I A 4. 4: 630: 688: 764: 766: 
855: 978: V C4". 2 C; 1078 
moon 142 

Osiris festivals see Isis festivals 
■ostraca see papyri 

jr. approximations 140 n. 3: 342; 921 n. 26: 

I 116 n. 2 

Pachymeres 831 n. 10; 1050 n. 44 
Paconius S72f. 

PahlavT 8 

Almagest 8: 837 n. 1 
shadow table 744 
Paitamaha-Siddhanta 710 
Palchus 834 n. 7:1028 
Palladius 741; 745 
Pallas 1 109 n. 9 
palm sec arcs, units 
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Pambo. Abbot VIII n. 1 
panbabylonism 349 
Pancasiddhantika see Varahamihira 
Pancharius 943; 954 n. 32 
Pannekoek 17; 349; 695 
Pappus 5; 749: 772 n. I; V C 3 
analemma 841; VB 2,2C 
Aristarchus 640 
astrolabe 873 n. 8 
“Collection" 767; 944 : 966 
commentaries 

to Almagest 274: 838: 1037; 1043 n. 8 
eclipse “inclination" 143 n. 6 
eclipse magnitude 140 n. 2 
“Meteoroscopeion" 941 
moon 903 n. 9 
diameter 325 n. 4 
distance 316; I E 5. 4 B 
parallax 116: 127: 132 n. 4: I E 5, 3 
to Handy Tables 838 n. 4 
to Harmonics S39 n. 10 
Diodorus 841; V B 2, 2 C 
division, sexagesimal 942 n. 2: 968 
geography 966 

Hipparchus 301; 316: I E 5. 3; I E 5. 4 
Menelaus 301 n. 4 
trigonometry 324 
papyri, ostraca, etc, 
general III 4 B: 686: 787f.: V C 2, 2 
Bodleian Ms. Gr. Class. F 7 (P) 787 
O. Bodl. 2176 946 
O. Bodl. 2177 788 

O. Strasb. D 521 567 n. 1 

P. Berlin 8279 567; 787 
P. Berlin Inv. 21226 787 
P. Carlsberg 1 565: 567 

P. Carlsberg 9 563; 809; 815 n. 2 
P. Carlsberg 31 665 n. 4 
P. Carlsberg 32 567: 790 n. 7 
P. Florence 8 567 
P. Florence 44 567 
P. Florence Inv. 75 D 786f. 

P. Harris 60 1056 
P. Heid. Inv. 34 1056 
P. Heid. Inv. 4144 946 
P. Hibeh 27 580: 599f.; 6S7f.: 706 
P. land. 84 945 
P. Lond. 98 568 n. 9 
P. Lend. 130 657 n. 3; 806 n. 7 
P. Lond. 1278 939 n. 10: n. 11: 974: 977; 
985: 1000 n. 3; 1056 n. 8 
P. Lund Inv. 35a 809: VA 2. 1 B 
P. Lund Inv. 35 b 788 
P. Mich. 149 VA 1,4 B 
astrology 769 n. 19 
climata 730 
length of daylight 710 


Mars. 90-dav anomaly 792 n. 12: 

805 n. 30 

planetary theory V A 1. 4 B 
maximum elongation 804 
visibility limits 831 
rising limes 722 
solar theory 
latitude 807 
vernal point 597 
P. Mich. 150 945 
P. Mich. 151 946 
P. Mich. Inv. 1454 1058 
P. Nelson 787 

P. Oslo 73 592: 657 n. 6: 699 n. 9 
P. Oxy. 35 1026 
P. Oxy. 303 779 
P. Oxy. 2555 671 n. 20 
P. Paris. 1 see Eudoxus Papyrus 
P. Paris. 7733 896 

P. Ryl. 27 669: VA 2. 1: 826; 828 n. 12 

P. Ryl. 63 262 n. 6 

P. Ryl. 464 946 

P. Ryl. 522 + 523 974:977 

P. Ryl. 526 1056 

P. Ryl. 589 see P. Ryl. Inv. 666 

P. Ryl. Inv. 666 600:816 

PSI 1296 708 n. 6 

PSI 1491 946 

PSI 1492 790f. 

PSI Inv. 515 945 

P. Strasb. Inv. 1097 788 

P. Tebt. 274 787 

P. Tebt. 449 1056 

P. Vienna D4S76 567 

P. Vienna D 6278 etc. 565 n. 2: 568 

P. Vienna. Wessely 737(n) 

P. Vindob. 29370* 1057 
Stobart tablets 567: 785:788 
Babyl. methods 456 
Par. gr. 2390 I03Sn. 11 
Par. gr. 2394 977:1055 
Par. gr. 2399 632 n. 5: n. 6: 968: 977 
Par. gr. 2400 632 n. 5: 1026 n. 1 
Par. gr. 2423 632 n. 5 
Par. gr. 2425 1069 n. 6 
Par. gr. 2426 710 n. 16 
Par. gr. 2450 970 n. 9 
Par. gr. 2463 977 n. 2 
Par. gr. 2493 977: 1000 n. 2 
Par. gr. 2841 948 f. 

Par. gr. suppl. 38 1055 
parallactic ellipse 1086 
parallactic equation 1107 
parallax 

adjusted parallax see below lunar parallax 
fixed-star-parallax see fixed stars 
Islamic theory 1099 n. 2 
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lunar (and lunar —solar) parallax 45: I B 5: 
154 n. 2: 661: 666: 972: 974: V C 4. 4 D 
adjusted parallax 990 
components 52: 87: 91: 990f. 
horizontal parallax 991 
planets 148 

solar eclipses 1261'.: 131 f. 
solar parallax 111 n. 3: 112: I E 5. 3: 327: 
634: 644: 654: 938 n. 9: 963: 991 n. 8: 1000 
yearly parallax see fixed stars, parallax 
parallel postulate. Ptolemy's "proof" 940f. 
parallels see climata 
paranatelloma I A 4. 5 
parapegmata IVA 3. 3; 602; 616: 844: S70 
Babylonian IVA 4. 4 B 
Caesar 575 
Callippus 588: 929 
Democritus 5SI n. 13: 929 
Dositheus 5SS 

Euctemon 588: 628: 740: 926: 929 
Eudoxus 588: 688 n. 4: 761 
Geminus 580: IVA 3. 3; 627 n. 9: 761: 

1042 n. 39 

Miletus 562: 5S7f.: 617 
Proclus 1035 n. 17 
parediptie 1079 
Paris. University, register 345 
Parker, R.A. 563 : 565 n. 2 
Parkcr-Dubbcrstcin 354 n. 4: 1075 
Parmenides 576 
parsec 1086 
paries 696: 804 
Parthians 350 n. 16: 1065; 1075 
parts 

1/48 of circumference 652: 671 
1/60 of ci rat inference 5S3: 733 n. 4 
1/12 foot 744 n. 22 
Pasquali 951 
Paulisasiddhfmta 956 
Paulus Alexandrinus 955ff.; 1033: 1043 
astrolabe 878: 1040 n. 26 
Mars, phase at 82° 792 n. 15 
maximum elongations S04 
planetary stations 411 n. II 
spherical astronomy, rising times 719f.; 729 
Pc.-Sk. see Varahamihira 
Pehlevi see Pahlava 
Pelusium. error for Claudius 834 
penumbra 1092 
perfect y ear see great year 
period, definition 
in System A 377 
in System B 374 

periods see goal year lexis: lunar theory: 
planetary theory 
Periplous 834 n. 7 

perpetual tables see planetary theory, tables 


Perseus, i; 336 

Persian calendar 1061: 1075 

Persian influences S; 5641'.; 609: 89"; 1071 

"Persian" Tables 13:97(1: 1109 n. 7 

perspective representation 889 f. 

perturbations 1103f. 

of the moon see lunar theory, inequalities 
Petavius 234 n. I : 951 n. 4 
Petersen. Viggo M. 297 n. 3 
Petosiris sec Nechepso 
Petri 711 n. 22 
Petrus Alphonsi 597 n. 45 
Petrus Apianus see Apianus 
Phaseis see fixed stars, phases; Ptolemy. Pha- 
seis 
phases 

eclipses see eclipses, lunar and solar, phases 
fixed stars see fixed stars, phases 
lunar phases see moon, phases 
planetary phases see planetary theory , phases 
Phidias 662 

Philip (of Opus or Medina) 574 
"king" 739: 743f. 
length of shadow 747 
length of year 601 
lunar eclipses 667 
• observer 929 

parapegma 740 n. 12 
sphericity of the moon 662 
Philip Arrhidaeus 

Babvl. texts 456 n. 10: 506 n. 5: 547 
era si e era. Philip 
regula 574 n. 1 
Philo 692 

Philoealus calendar (of A.D. 354) 580 n. 10: 
594 n. 4: n. 10: 596: 952 
Philolaos 573: 619 
Philometor. regnal years 816 
Philoponus 1032: 1037: 1041 
name S7Sn,8 

planisphaerium/astrolabe 769 n. 16:868: 

S7I: V B 3. 7 F; 1040 n. 27; 1055 
spherics 751: 755 
philosophy 15: 572: 942 
Phoenicia 44: 234: 242: 249: 257: 335: 562: 
978 

Photinos 940 n. 23 
Photius 262 
physiological optics 647 
Picatrix 631 n. 3 
Pico della Mirandola 932 
Pillai 1076 

Pinches. T.G. 351: 432 
Pines 611 n. 29 

Pingree 5: 7 n. 8: 769 n. 16: 799 n. 8: 956: 
1050 n. 51 
Pitane 750 
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place value notation 5S9 n. I 
plane trigonometry see trigonometry 
planetarium 652 
Planetary Hypotheses .vet’ Ptolemy 
planetary latitudes see planetary theory 
planetary phases sec planetary theory 
planetary spheres see planetary theory 
planetary symbols see symbols 
planetary tables see planetary theory 
planetary theory (sec also: Babylonian astrono¬ 
my; under the individual planets) 86; I C; 11 A; 
397; IV C; V A 1; V C 4. 5; VI B 7 
anomaly see below mean anomaly 
apogee, mean and true 157 
apsidal line 

motion 150; 181 n. 13; 909f.; 1096 
Mercury 160 
outer planets 182 
position 147; 150; 157; 802; 806f. 
Mercury 159; 802 n. 5 
outer planets 179; 208 
Venus 153; 802 n. 5 
arrangement see belo tr order of planets 
diameters 330; 965 

distances 112: IV B 3. 2 B: 691: V B 7. 6; 
1030 

heliocentric 146 
eccentricities 
Mercury 1C 3, 2; 1054 
planets in general 147; 185; I D 2; 

802 n. 5; 1054; 1097: 109SfT. 

outer planets 177 
Venus 1 C 2. 1 
elongations 1 C S. 1 

maximum elongations 1 C 8. I: S04: 957; 
964; 978; 

Mercury I C 3. I; I C 8, I B; 233; 255; 
800; 804; 1023 

Venus 153 n. 1; 231; 695; 797f.; 804; 959 
epicycles 
radii 146; 1054 
Almagest 180; 185: 1034 
invisibility 832 f. 

P. Mich. 149 805f. 
retrograde arc 272 
velocity 273 

sense of rotation IV C 3. 5; V A 1.4 
epoch values 152: I C 4. 6: 185; 1004 
Mercury 168 

Saturn 182 n. 15: 1004 n. 4 
Venus 158 

equant 86; 155: 171; I C4, 3 C 
the term 1102 
Mercury 162 
Venus 155 

heliocentricitv IV C 2. 2 
eccentricity of planets 147 


“ Egyptian " System 695 
latitude of planets 206 
homocentric spheres see Eudoxus, homoc. sph 
incorrect epicyclic rotation see above epicy¬ 
cles. sense of rotation 
invisibility 832; 1052 
latitudes (see also: steps) 762 
Almagest 1 C 7 
argument of latitude 219 
Babylonian astronomy 604 
Eudoxus 683 

extremal latitudes 1 C 7. 3 C; 782 : 964: 

1014 ff.: 1050 n. 43 
Handy Tables V C 4, 5 B 
nodal lines 916 
inner planets 1 C 7, 2 B; 221 
motion 702: 91 Of. 
outer planets 208: 1 C 7. 3 A 
P. Mich. 149 806 
Plan. Hyp. and Canobic Inscr. 

V B 7. 4 A: 911 
Pliny S03 
tables 

inner planets 222f. 
outer planets 219 
longitudes 1 C 5. I 
maximum elongations 804 f. 
mean anomaly 1095: 1098 
mean motions I C I. 4; II A 2; 804 n 12: 

806: 972: 974 f. 

Mercury 165 
outer planets 181 f. 

Venus 156 f. 

mechanical models 217: V B 7, 7 

norm of parameters 1054 

opposition 1 C 4, 3 A; 399 

order of planets 148: 435; 604; IV B 3.2 B; 

IV C 2. I; 699; 785 n. 4 to 6; 1029 
parallax, inner planets 111; 919 
periods (see also: goal-year texts) 151: 

II A 2: II A 6, 1 C: 4411'.; IV A 4, 3 B: 6S1; 
687: IV C 2, 1: 782 ff.: 899: V B 7, 3: 951 f; 
964: 1097: 1125 
fictitious periods 605; 955 
linear combination of periods 391 
phases 141: I C 8; I C 8, 5; 761; 786: 972: 
975: VI B 5. 1 
arcus visionis 1 C 8, 2 
auxiliary phases 449ff.; 452f. 
elongations 411 
notation 386f. 

Saturn 786; 790f. 

visibility limits I C 8. 2; 387; IV D 3. 4; 

V A 3, 2; 933; 957 

retrogradations (.nr also below: stationary 
points) 150; 170: 172; I C 6, 2; 807 
Mars see Mars, retrogr. 
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sense of rotation 703 

sidereal anomaly 702 

spheres 112: 148: IV C 1.2; 9331'. 

stationary points (see also above: retrograda- 

tions) I C 6. I; I D 3: 386; 411: 957; 959: 

1005:10S9 

synodic phenomena 150 
tables 
Almagest 

elongations I C S, 1 C 
latitudes 1 C 7. 3:222ff. 
longitudes 1 C 5 
phases I C 8. 4 
retrogradations I C 6, 2 
stations I C 6. 2 B 
Greek and demotic V A I, 2 
Handy Tables 
latitudes VC4.5B 
longitudes V C' 4, 5 A 
phases V C 4, 5 C 
perpetual tables 789 
templates 790: 798 
velocities II A 5, 2 
Vettius Valens V A I, 3 
visibility see above phases 
Planisphaerium 839; V B 3 
planets 

arrangement see planetary theory, order of 
planets 
color 954 
demotic names 567 
“greatest” 5S4 n. 37 
names 562: 1049 
size 330; 921; 965 
Plato 628 n. 11 
epicycles 1034 
numerology 649 
order of planets 691; 692 n. 27 
Symposium 696 

Timaeus 692 n. 21; 694: 696: 958 
Pleiades 292: 543 
Plcssner 837 
Pliny 53: V A 1.4 A 
Augustinus 1029 n. 4 
Babylonian astronomy 352 
Canopus 652 n. 3 
climata 729: 747 

distance Alexandria-Rhodes 653 n. 9; 

654 

eclipses 129: 319; 666: 668 
fixed stars 286: 392 
gnomon 656 n. 3 
Hipparchus 
canon of eclipses 319 
Nova 284: 836 
length of life 72! 
lunar visibility 830 


measurement of earth 653 n. 9: 654 
Mars, nonagenarius 792 
Mercury 403 

obelisk on Campus Martins 698 

parapegma 562:612 

planets 

latitudes 782 
stations 411 n. 11 
theory 170: V A I, 4 A 
visibility 831 
rising times 721 ; 729 
sun 

distance 657: 660 
latitude 630 
zenith 600 n. 23 
vernal point 597 
zero point of ecliptic 600 n. 23 
Plutarch 

Aristarchus and Seleucus 697 
distance of sun and moon 661 
eclipse cycle 321 
De Iside et Osiride 580 
length of daylight 723 
size 

of sun and moon 663: 693 
of Venus and stars 693 
"points”= 1/2° 590:699:719 
polar latitude ( = basis latinidinis) 279 n. 18: 
299: 892: 108If. 

polar longitude (= media!ia eoeli) 279: 283: 
287; 288 n. 2: 299: 340: 858: S92: lOSlf. 
Polaschek. E. 935 n. 7; 936 n. 6 
pole-polar relation for conic sections 265 
Polemarchus 263; 658 n. 15: 676 
annular eclipse 668: 688 
polygonal numbers 716 
polygons, regular 22: 24 n. 3: 300: 932 
polyhedra. regular and semiregular 932 
Pondicherry 820 
Porphyry 944 ; 958 n. 34 
Babylonian eclipse records 60S 
length of daylight 711 
Mars, phase at 90° 792 n. 12: n. 15: n. 16; 
805 

maximum elongation 804 
rising times 719 
visibility of planets 258; 831 
Posidonius 57Sf. 
astrology 897 n. 10 
geography 726 n. 14; S97 n. 10; 963 
length of daylight 723 
moon 
steps 671 
transparency 662 
sun. distance IV B 3. 3 C 
preception canonis Prolomei 838: 970: 977: 
1053 n. 17 
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precession of the equinoxes 34: 54: 160; 

166 n. 2; I E 2. 2: 369; 543 n. 13; 546: 704: 

807 n. 15: V B 7. 4 B; 1010; 1034; 1037; 1082f. 
constancy of precession 

1° per century 54; 160; 293: I E 2. 2 C: 
914: 986: 1032 n. 3; 1037 
trepidation 1 E 2, 2 C; 598; IV B 2, 3: 

1057 f. 

precession-globe see globe, celestial 
pregnancy, duration 1036 
preservation of angles in stereographic projec¬ 
tion 859 

preservation of circles in stereographic projec¬ 
tion 858 
Price 652 
Pritchett 616 n. 6 
procedure texts. Babylonian 351 
Proclus 572; 854 n. 2: 942 n. 3: 1028: 1031: 

V C 5, 2 B 1 
astrolabe 878 
Assyrian observations 608 
cinematic devices 1035 
Comm. Rep. 606 
Diodorus 841 
fixed stars 584 n. 37a 
Hypotyposis 1036 
Mercury 907: 1035 
obliquity of ecliptic 733 
parallax 327 n. 1 
phases of Venus 239 
Planetary Hypotheses 918f. 

Pseudo-Proclus 869 n. 2 
solar distance 110 
solar volume 326 n. 7 
Sphaera 1036 

stereographic projection 869 n. 2 
terminology 321 n. 3; 772 n. 1; 878 
Tetrabiblos 839: 1036 
Thius 1039 

transits of inner planets 227 n. 2 
trepidation 633 
Procyon 1085 

progressions see arithmetical progr. 
Progymnasmata see Tycho Brahe 
proper motion of fixed stars see fixed stars 
Propertius 572 n. 4 
prosneusis 

eclipses 1 B 6. 7: 668f.; 972 ; 997: 1000: 

1049 

lunar epicycle I B 4. 2 B: 1108 
weather prognostication 141; 926 
prosthaphaeresis nodorum 1111 
prosthaphairesis 57 
Psellus 391: 605 
Ptolemaic Canon see royal canon 
Ptolemaic System V B 7, 6 
Ptolemaic Theorem see Ptolemy, trigonometry 


Ptolemaios Chennos 262 
Ptolemais Hermeiou 834 
Ptolemy (see also: Almagest) 5: V B I (et pas¬ 
sim) 

Almagest see Almagest (p. 1134) 

Analemma VB2; 1044 
arcus visionis I C 8, 2: 257; 830 
Canobic Inscription 834; V B 7; V B 7, 5 
Mercury, arcus visionis 1017 
moon 903 

apparent diameter 313 
musical intervals 934 
Catalogue of Stars I E 2, 1 B: 966 
Dimensionality of space 848 n. 1:941 
fixed star phases 771 

Geography 367; 846: V B 4: 897: V B 8. 3: 
971; 1048 n. 30 
manuscripts 940 
Handy Tables see Handy Tables 
Harmonics V B 8. 2 
lost work 941 n. 6 
map projection see above Geography 
Optics V B 5 

Phaseis 275: 277: 561; 739: 767 n. 16: 

769 n. 16: 829; V B 8. 1 
Planetary Hypotheses V B 7 
Arabic version 900; 912 f. 
fixed stars 

arcus visionis 930f. 
distances 920 
Hebrew version 918 

Hipparchus, apparent diam. of Venus 330 
planets 

apparent diameters 330 
arcus visionis 257:931: 1017 
distances V B 7, 6 
epoch values 91 Off.; 1004 
latitudes 212: 214; 908f. 
sun and moon, distances 112: 919 
tables VB7.4D 
tampered version 903 f; 913; 919 
Planisphaerium 12: V B 3: 966 
preceptum canonis Ptol. see preceptum 
quadrilateral, theorem 23 
tables, arrangement 55; 971 n. 21; 

V C 4. I A 

Tetrabiblos 331: 690 : 719 : 720 n. 4: 831; 
839: V B 6: 1000 n. 3 
paraphrase. Proclus 1036 
trigonometry I A 1: I A 2: 775f. 

Ptolemy II Philadelphus 1067 
punctum aequanlis see planetary theory, 
equant 

pushes 402 f. 

Pythagorean numerology see numerology 
Pythagoreans, numbers for celestial bodies 
619 
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Qflnun ai-Mas'udl see Biriim 

quadrature (.see also: lunar theory, inequalities. 

second) 57: 84 

quadrilateral. Ptolemy's theorem 23: 775 
Quadripartitum 896 f. 

radial velocity see fixed stars, proper motion 
radians see trigonometry, plane . 
radio-carbon dating 1072 
ar-Rnqqa 8 

Rassam. Hormuzd 352 f. 

RazT 61 In. 29:697 

reciprocal radii 265 n. 2 

reduction to ecliptic 1107 

rvjlectio. 3rd lunar inequality 1109 

refraction 100 n. 3; 101 n. 2: 894ff; 938 n. 4; 

963 

Regiomontanus 13: 234 n. 1 
regnal years see royal canon 
regula Philippi Aridaei 574 n. 1 
regular number 1113 
regular polygons see polygons 
Regulus (i Leo) 
arcus visionis 931 n. 19 
Jupiter near Regulus 1040 
longitude and precession 283 n. 13: 9S6: 
1002: 1026f.: 1032 n. 3: 1050 
planetary apsides 1003 
zero point for longitudes 890: 9021'.: 915: 
1002; 10261'. 

Rehm 285: 287; 299 n. 1; 562: 628 n. 1 1: 739: 
999 n. 29 
Reiske 834 

relative chronology 1071 
Reinigius 597 

Renaissance, perspective 890 
retrogradation see planetary theory 
Rhctorius 258: 391: 596 n. 19: 605: 955 
date 258 n. 14: 960 n. 4 
Mars. 90-day phase 792 n. 12 
Rhodes 275 f.': 733: 1033 
distance from Alexandria IV B 3. 3 A 
latitude, length of-daylight 234: 275: 581: 
S64 

meridian 652:939 
parallax 991 
parallel 733:879: 935 
shadow length 24:45 
right ascension {sec also: ascensional diff.) 

] A 3. 2: V B 3.3: S9Sf.: 1078 
normed 42: V C 4. 2 A: 1032 
rigorous methods 771 n. 1 
rising amplitude see ortive amplitude 
rising times see oblique ascensions: right ascen¬ 
sions i 

Roger Bacon 839 
roll as form of MS 1023: 1056 


Roman calendar in ephemerides 1056f. 

Rome (city) 
clinia V 1030 

distance Alexandria-Rome 60: 847f. 
geogr. latitude, length of daylight 4]; 581: 
711 n. 26 : 729f.: 848 
geogr. longitude 60: 848 
shadow length 747 f.: 848 
Rome, A. 781: VC 3 
Artcmidoros 948 
chords 300 n. 11 

distance Alexandria-Rome 847 n. 1 
eclipses 

"inclinations" 99S n. 22: 999 
intervals 321 n. 3 

figures in MSS 752: 753 n. 7: 754 n. 10: 
838: 858 

Handy Tables 976: 990 n. 2: 995 n. 24; n. 25 
Ptolemy, lost work 941 
zenith distances, measurement 100 n. 3 
royal canon 825: 965; 976: 978; V C 4. 6 A: 
1071 f. 

Ruska 837 

rustic calendar 595; 596 n. 27; 628 

Sachs. A 350r.: 432: 436 n. 13: 442 
catal. of Normal Stars 546 
Goal-Year periods 554 
notation 351 
Sippar 352 n. 8 
Sirius 363 f. 

terminology 2.13,20 486 n. 4 
Sacrohoseo 583 
Sagittarius, v. d 1027 
Sffid al-Andalusl 631 n. 4 
Sa'Td ad-Darir see Abu Sa‘Td 
Sais 6S9 
Saka era see era 
Salmasius 7S1 
Saltzer 696 

Salzburg, anaphoric clock S70 
Samarkand, observatory 11 
Sand-Reckoner see Archimedes 
Sanjari zTj I OF.; 260 

Saros 310: 483: 486 n. 4; II B 4. 2; 1094; 1124 
the name "Saros" 486 n. 4: 497 n. 2 
Saros Canon 322 
Saros Text 497 
Sarton 16 

Sasanian calendar 1061 

"satellites" see “Greek-letter" phenomena 

Saltier 1026 

Saturn (see also: Babylonian astronomv) 

II A 7.2 

daily motion 791 
distance 648 f: 661 
ephemeris 380f. 
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Saturn (contin.) 

epoch values Nab. 1 1S2 n. 15: 912 n. 5; 

1004 n. 4 

latitude 2! If.; 910; 1050 n. 43 
occultation by moon 1037; 1040 
periods 782; 790 
Vettius Valens 794 
saw function see linear saw function 
Scaliger i: 781; 953 n. 5; 976 n. I: 1061: 
1063 

shadow table 745 
Schafer. H. 753 
Schaumberger 349: 537 
Schiaparelli 633 n. 14: 677; 679 
Schmidt. O. 313 n. 4: 751 
Schnabel 350: 432; 809; 835: 939 n. 14: 940 
Schoch 387 n. 11: 1041 n. 28: 1091 
Mercury, omitted phases 404 
scholia 750: 756 
schoolbooks 749 
Schopenhauer 15n. 43 
Schram. tables 1063: 1074f. 

Scor. 11.VM7 1052 n. 9:1055 

Scor. Ill.V. 12 605 n. 9 

Scorpio (see also: Nova Scorpii) 284; 288: 

600; 689 

« Sco 117: 156: 166; 182; 284 
<5 Sco 166 
n Sco 284 
(? Sco 284 
se 514 

seasonal hours see hours 
seasons 595 
Egyptian calendar 560 
length of seasons, inequality 56; 58: 371 f : 
IV B2. 1; 696; 929; 953: 963 
"secrecy" of Egyptian science 566 
secular acceleration 1041 n. 28 
Sedillol. L.-Am. 297 n. 3; 1110 
See S9S n. 14 

Selcucid calendar see calendar 
Seleucid era see era 
Seleucus from Seleucia 610:697 
Seljuks 10 

Seneca 5 : 572 n. 4; 666 

Serapion 331 n. 6; 575; 584 n. 39: 663; 

729 n. 15 

Serapis 6S7 n. 4 

Sergius of Res'aina 1041 

series see arithmetical progressions 

series of cuneiform texts 598 n. 4 

Servius 292 

Seti 1, cenotaph 565 

Settele 856 

setting amplitude see ortive amplitude 
seven climata sec climata, seven 
Severus bar Shakku 837 


Severus Sebokht 590 n. 2: 839 n. 8: 868; 878; 
1041 

sexagesimal computations 367: 559; 565; 

IV A 4. 1; 969; 1043; VI C 1; VI C 5 
sexagesimal division of circle see arcs (6°) 
sexagesimal system 589 n. 1; IV A 4, 1 
Sextus 740 

shadow of earth at eclipses see earth, shadow 
shadow of gnomon (see also: sun dials) 24; 
101 n. I; 336: 726 n. 14: 747f.: V B 2. 2; 

V B2, 3; 848 

as geographical coordinate I A 4. 7 
length of gnomon 739; 743f.: 844 
shadow tables 747f. 
arithmetical patterns 544: IV D 2, 1 A; 
IV D 2. 1 B 

late ancient and medieval IV D 2. 1 B 
trigonometric type I A 4. 7; 725 
shadow at lunar eclipses see earth, shadow 
Shah zl j sec zij ash-Shah 
Shapur1 8 

ash-Shatir see Ihn ash-Shatir 
Shayest ne-shayest, ch. XXI 744 
shells, spherical 923 n. 2 
Shcmtob 353 
Shenoute, sinner 741 
Siam 821 

Sicily, as place of observations 929 
sidereal anomaly see planetary theory 
sidereal longitudes ( see also: stellar coor¬ 
dinates) 293 n. 8; 786; 10261'. 
sidereal month 502: 504; 1084 
sidereal planetary periods 1097 
sidereal time 1070; 1080 
sidereal year see year 
slghra-epicycle 704 
sign = 30° sec arcs, units 
signifiedI 929 n. 4 
signs ( + ) in tables 184 
similar arcs 755 n. 3: 759 
Simplicius 668; 684 n. 1; 1031: 1037 
homocentric spheres 677 
simultaneous culmination see culmination 
simultaneous risings see paranatelionta 
Sinan b. Thabit b. Qurra 589 
sine function (see also: chords) 981 
Sin a. Cos x 1115 
tables 303 n. 12 
sine theorem 26; 30 
Sippar 352; 610 

Sirius (see also: Sothic period) 561: 676; 946; 
1027; 1072; 1087 
color 898 n. 14 
globe 890f: 1027 
parallax 1086 
proper motion 1085 
rising, linear scheme 707 
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Uruk scheme II Intr. 3, 3; 542 
Sisebut 663 

six quantities sec Menelaos, theorem 
skint (/.(iccjai:) 

declination of epicycle of inner planet 
S 76 f.: 214 

of outer planet 209 
Smith. George 353 
Smyly 770 n. 21 
Snellius 896 n. 26 
Sohftg 56S 
solar-cubit see arcs 
solar cycle 1062 
solar day see day 

solar eclipses sec eclipses, lunar and solar; 
eclipses, solar 

solar theory (see also: sun) I B 1: I E 4; 

II Intr. 5: IV B 2; 902: 924; V C4. 3; 1101 
anomaly 24k: 1 B 1, 3; II Intr. 5; IV B 2, I: 
630 

apogee see solar theory, apsidal line 
apsida! line 

motion 58; 630 
position 58: 372; 628 
eccentricity 58: 173 
epoch values for mean sun 60; 63; 983 
latitude IV B 2,2: 633 n. 14 
mean longitude 956 
mean motion 1 B 1, 2 
mean sun 
definition 60 
in planetary theory 171 
nomographic method 984: 1036 
parallax see parallax, solar parallax 
velocity 372 ; 519: II B 9 
Vettius Valens VA1.3A 
solar time 1070; 1081 
solar year see year, tropical 
solstices (see also: equinoxes; seasons) 56: 

276: 286 n. 22: 2921'.: II Intr. 3, 2: 363f.: 365: 
372: 542: 813 

Sosigenes (1st cent. B.C.) 575: 612: 804 
Sosigenes (2nd cent, A.D.) 104 n. 4: 111; 575: 
658: 6S4 n. I 
perfect year 606 

Sothic period (1460 years) 560; 567: 605; 

611 n. 30; 618; 631: 900; 971: 1002; 1072 
Spanish era see era 
Sparlali 353 

sphaera obliqua (sec also: oblique ascension) 

31 n. 1: 1080 

sphaera recta (.see also: right ascension) 31: 
1080 

spheres, planetary sec planetary theory 
spherical astronomy (see also: trigonometry, 
spherical) IA;IVD3 
angular measures 671 


coordinates VI B 1 
transformation 1 A 3. 3 
longitudes to right ascensions 898 
Greek ] E 3, 2; V B 8, 3 A: 945: 972 
spherical trigonometry see trigonometry 
sphericity 

of earth see earth 
of world 756 
Spherics IV D 3, 3 
Spica (a Vir) 156 
arcus visionis 930 
latitude 283 n. 13 
longitude 283 n. 13: 295 
in -282 (Timocharis) 287 n. 30 
in —145 and — 134 (Hipparchus) 295 
in 98 (Menelaus) 2SS 
Mercury, elongation 159 
occultation 295 n. 25 
spider, in astrolabe 866; 869 ff: 876 f. 
square root approximations 23: VI C2 
St. Basil see Basil 

stade (measure of distance) 304f.: 582: 648: 
653 f; 655 n. 5; 734 f.: 935; 939 
arc of 1/2° 699 n. 9: 719 
Stahl. W.H. 935 n. 7; 942 n. 1 
stars see fixed stars 
starter (rdmic s:p r t iv:ite! 898 
suirionalis 792 

stationary points see planetary theory 
Stauros 74! 

Steinschneider 769 n. 17: 918 
stellar coordinates (see also: fixed stars: side¬ 
real longitudes) I E 2. 1 A: VI B I 
stellar magnitudes see fixed stars, magnitudes 
Stephanas 970; 1032; V C 5. 2 B 5 
Stephenson. F.R. 1041 n. 28 
steps (basic intervals) 409: 420: 427: 433 
steps (/htlfwi ) 299; 302; IV B 5: 760: 809: 
827: 978; 979 n. 3; 1016: 1049 
planetary latitudes 670: 964 
winds 670;'954 n. 24 

stereographic projection 35: 753: 759: 859; 
879 

preservation of angles 859 
of circles 858 
Stevenson. E.L. 935 
Stobart Tables see papyri 
Strabo 234 n. 3; 749 
Hipparchus 1 E 1: 304 
mapping 735 
Strasbourg D 521 567 n. I 
Strassmaier 348; 352 
Struve. F. 1086 
Stumpff 1108:1112 
Suda see Suidas 
Sudines 263:602:611 
length of year 601 









1162 


Subject Index 


as-Sufi 8f.: 28S 
Suger. Saint Denis 836 
Suidas (= "Suda'j 
Achilles 951 

Hipparchus 274 n. 2: 275 n. 5; 277 n. 4 
Hypatia 838 n. 5: n. 6 
Ptolemy. Planisphaerium 870 
Suipicius Gallus 660 n. 7: 666 n. S 
summer solstices see solstices 
sun (sec also: heliocentric theory: solar theory) 
altitude 304 
diameter (or radius) 

actual 110: 646: IV B 3, 3 C: IV B 3. 4 C: 

693 

apparent 109: 125 : 635 ; 644f.: 654; 

IV B 3. 4 A: 1000: 1029 
distance (see also: parallax, solar) I B 5. 4: 
638: IV B 3. 3 C: IV B 3. 4 B; 917: 1044 
mean sun sn solar theory 
rising amplitude 3S: 1044 
symbol G 699 n. 8 
volume 326 

zenith position of sun see zenith 
sun dials (see also: shadow of gnomon ) 544: 
597 n. 41; V B2. 2: V B 2, 3: V B 2, 6 E: 1029 
Campus Martius. obelisk 698 
gnomon 849: 856 
hour curves 856 
use in observations 653:661 
superior 75S 

Surva-Siddhania 6: 704 n. 27: 822 
Suter 837 
Swerdlow I E 5. 4 

Syene (see also: Asuan) 44; 335; 883; SS9; 

929: 935; 951 n. 9 
clima II or 1 '25 
meridian 100 n. 2: 653; 735 
shadow 655f.: 726 n. 14 
Sylvanus. Bernurdus 886; 888 
Sylvester II. Pope see Gerberl 
symbols 
planets 789 
zodiacal signs ~S8 
Symeon Seth 837 
Syncellus 60S: 971 n. 21 
Synesius of Cvrene 836 n. 22: V B 3. 7 A: 

869; V B 3, 7E 

synodic arc see Babylonian astronomy 
synodic month II B 3: 501: 901 f.: 1084 
synodic periods 1097 
synodic time see Babylonian astronomy 
Syria 722; 729 
Syriac astronomy 7: 707 
chronology 1076 
menologia 723: 731 

rising times, length of daylight 720 : 723: 

731; 744 


Seleucid era 611 n. 27 
shadow tables 741:744 
Syrianus 1031 
Syrus 835: 840 

System A and B see Babylonian astronomy 
syzygies see lunar theory 

tables 

arrangement see Ptolemy, tables 
planetary tables see planetary theory 
Tabriz 11 

tabulation function 375: 476; 485; 499 
Taliaferro 837 n. 13 
tambourins 923: 926 
Tamil astronomy see Indian astronomy 
tan a (see also: shadow of gnomon) 
absence of tan a in ancient trigon. 22: 37; 
ISO n. 11: 1116 
Tanais 939 n. 11 

Tannery 17: 603: 635 n. 4; 699: 761: 1039: 

1109 n. 7 

Taphis 740 : 744 
Taurus ( = Tau) 
a Tau see Aldebaran 
<•'. r Tau 1026 n. 4 
i/. 16. 17 Tau 1027 n. 7 
temperaments see astrology 
terminator see moon 
"terms", astrological 606; 690 
tersitu 611 

Tetrabiblos see Ptolemy 
Teucer, Pahlavl translation 8 
Thabit b. Qttrra 8 

anomalistic year, solar theory 58: 307 n. 9 
1083 

heptagon 23 

Planetary Hypotheses 900: 920 
solar apogee 307 n. 9 
solar distance 110 n. 11 
sun dial, curves 856 
Thales 

eclipse of - 584 604 
thema mundi sec astrology 
theodolite. Heron's 845 
Theodoros-Meliteniotes II; 610 n. 17: 

970 

Theodores Metochites 11; 772 n. 1 
Theodorus 740 

Theodosius of Bithynia 571; 575; IV D 3; 
829 

Dieb. I, Intr. 1046 n. 10 
II. 10-14 752 
II, 15-19 754 
Hab. 10-12 755 n. 20 
Spherics IV D 3, 3 

Theodosius of Tripoli's see Theodosius of 
Bithynia 
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Theon, Ptolemy's contemporary 153: 158: 
162: 835: 949 f" 

Theon of Alexandria 5; 319 n. IS: 562; 602; 
873: 893: V C 3 
astrolabe V B 3. 7 F 
commentary to Almagest 265: 274: 838; 
993 

ephemerides 1055 
Fasti 966 n. 18 

Handy Tables, text and commentaries 631; 
838; 966; 970; 977; 1045f.; 1051 
Little Astronomy 768f. 

Menelaos theorem 29 
optics S93 

sexagesimal division 968 
steps 670 

trepidation 298; 631 

Theon of Smyrna 694; 835 n. 19; V C 2, 3 B 
eceenters and epicycles 264 n. 3; 307 
length of seasons 953 
lunar latitude 626 
maximum elongation 804; 965 n. 5a 
obliquity of ecliptic 733 
planetary motion, heliocentric 694 
solar theory 307 
latitude of the sun 630 n. 4 
solar motion 630 
volume of sun 326 
Theophilus 740 

Theophrastus 562; 576 n. 7; 609 
Thius !109n.7 
Thomson. R. 955 n. 4 
Thoren 1110 

Thrasyllus 592; 596: 709 n. 12: 949 
"thrones" (= exaltations) 807 n. 11 
Thule 8801'.: 883: 935: 939 n. 11 
Thureau-Dangin 432 
Tihon 799; 968: 1036 n. 32; 1053 
Timaeus (astronomer) 804 
Timaeus (dialogue) see Plato 
time degrees 40: 367 

Tintocharis 34: 156f.; 279: 287; 292 n. 1; 590; 

61 7 n. 10a: 965 • 

tithi 349; 358f.; 380; 395f.: 454; 500: 

516 n. 7; 673; 1053; 1070 

Titus see era, Titus 

Toledan Tables 12; 1002 

Toomer 72 n. 5; 297 n. 3: 316 n. 9; 317 n. 11; 

61 7 n. 10a 

transformations of spherical coordinates see 

spherical astronomy 

transition coefficients 376 

transits before the sun of Mercury and Venus 

see Mercury; Venus 

transits of the meridian by stars see fixed 
stars 

trepidation see precession of the equinoxes 


Tribiblos 11 
Tribonianus 838 
trigonometry 

plane 1 A 1: I E 3. 1: 324: 645: VI C 3: 

V! C 5. 2 

error of signs 1022 
radians 1116: 1129 
spherical I A 2; IE 3,2 
Tripolis, Theodosius 750 
trisection of angle 843 
tropical year see year 
Trotter 1129 
Triidinger 897 n. 10 
true function 375 

truncation of zigzag functions 479; 486; 502 
II B 4, 3 B: II B~5. 3: 548 
Tuckerman Tables 98 n. 16 
Turks see Seljuks 
at-TusT 10; 769; 1035 
twilight 537 
Two-Horned, era see era 
Tycho Brahe 280; 836 
annual equation VI B 8, 3 C 
lunar latitude and nodes VI B 8, 3 D 
parallax 634 

Progymnasmata 173 n. 3: 836; 11 l()f. 
refraction S96 n. 26 
trepidation 634 
variation 85; Vi B 8. 3 B 

Ujjain 7 

Ulugh Beg II: 602 n. 7 
umu 454 
unciae see inches 

uniform motion see circular unif. motion 
unit fractions 45: 559; 706: 719: 

1001 n. 15 

universal time 98 n. 16: 1070 
uniter sales canones 789 n. 5 
universe 

boundary 646; 692 
shape 576 f.; 756 
size 611; 646; 697 f. 

Uranus 1109 n. 9 
Urb. gr. 82 936 n. 5; 937; 940 
Ursa major see Great Bear 
Ursa minor see Little Bear 
Uruk 454 

texts from Uruk 347; 350; 352: 452; 

610 

“Uruk scheme” 357 
us 367 r. 

Usener 965: 1026: 1045; 1051 

Valerius Probus 562 

Valla. Giorgio 869 n. 2: 1036 n. 21 

van der Hagen 781: 1026 n. 1 
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van der Waerden 

Babylonian astronomy 464 n. 10 
planetary theory 
elongations of phases 410 
notation for phases 387 n. 11 
Saturn 437 n. 2; 439 n. 3 
steps, basic intervals 433; 455 n. 3 
tithi 349 n. 9 
Handy Tables 976; 1006 
Heraclides Ponticus 695f.; 697 n. 30 
lunar nodes 515 n. 5 
lunar velocity 1001 n. 12 
P. Ryl. 27 809 

parapegma, Euctemon 628 n. 14 
phases of Venus 1091 
planetary phases 1017 n. 8 
notation 387 n. 11 
Saros 498 n. 6; 505 n. 1 
Stobart Tables 456 
trepidation 1057 
truncation 506 n. 7 
Varahamihiru 6; 710 
Brihat Jataka 371 n. 15; 720 
Brihat Samhita 303 n. 21 
Paficasiddhantika 
analemma 301 n. 7; 303 n. 20 
Babylonian influences 11 A 7. 1 
Jupiter 446; 452 
lunar theory 817 n. 2 
Suka era 1073 
Saturn 438; 440 
trigonometry 43: 303 n. 12 
Venus 784 n. 24 
Paulisasiddhanta 956 

variation see lunar theory, inequalities, third 

Varro (sec also: era. Varro) 595 

Vasistha Siddhanta 481 n. 5 

vat" 350 n. 11 

Vat. gr. 175 977 

Vat. gr. 184 799; 1038 n. II 

Vat. gr. 190 970 n. 9 

Vat. gr. 191 752 

Vat. gr. 204 640 n. 3: 752 n. 5 

Vat. gr. 208 38 n. 9: 61 n. 7: 259 n. 16a; 

752 n. 5; 890 n. 3; 939 n. 11: 977 n. 1 
Vat. gr. 211 735 n. 27:1035 
Vat. gr. 212 12 n. 33 
Vat. gr. 1059 632 n. 6; 670 n. 12 
Vat. gr. 1291 61 n. 7: 258: 670n. 12; 672; 
936 n. 8; 939 n. 11; 970: 976; 977T; 1046 
Vat. gr. 1594 38 n. 9 
Vat. Ottobon. lat. 1850 840 n. 6 
Venetia 748 
Venus 1 C 2; V A 1. 3 C 
diameter 330; 693 
distance 648 f. 

elongation see planetary theory, elongations 


ephemeris for Nabon. 442/3 I C 5. 3 B; 

205 f.; 225; 1009 

invisibility 465: 832 

latitude 215; 221; 583 n. 27; 1007: 1009 

longitude V A 1.3 C 

maximum elongation see planetary theory, 

elongations 

occultation by moon 1040f. 

periods 784796 r.: 959 

phases near inferior conjunction I C 8. 3 A; 

930; 1090 

position with respect to sun and Mercury 
647 

retrogradations and stations 193; 196; 

199 f.; 202 f.: 683 f.: 798 
size see above diameter 
transits 227f. 

vernal equinoxes see equinoxes 
vernal point see equinoxes 
vcTiicalis (spherical coordinate) 849; 851 
Vespasianus. regnal years 815 n. 2 
Vettius Valens "263;’607: V A 2. 2; 955 n. 35 
lunar theory V A 2. 2 A 
eclipses 263; 602 
elongation 824 
latitude, nodes V A 2. 2 B 
phases V A 2. 2 A 
visibility 830 
PahlavT translation 8 
planetary theory V A 1,3 
rising times 718: 728: 830 
royal canon 825 
sidereal longitudes 293 n. 8: 627 
Sirius risings 707 
solar theory 306: V A 1.3 A; 956 
steps 669: 827 
vernal point 597 
Vienne 929 
Virgil 572 n. 4 
Virgo (sec also: Spica) 

•/Vir 182: 1027 n. 9 
C Vfr 1027 n. 9 
changes in asterism 1027 
counted as first sign 787 
occultaticms 
i; Vir 156 
h Vir 295 n. 23 

visibility, intervals of invisibility see fixed stars, 
visibility; lunar theory, visibility: planetary 
theory, phases 
t'isio 234 n. 1 
visual rays 893 f. 

Vitruvius 860: VB 3. 7 A 
analemma V B 2. 3: 846 
anaphoric clock V B 3. 7 C 
obliquity of ecliptic 733 
planetary motion 694; 803 
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planetary periods 782IT. 

shadow lengths 101 n. 1: 746 : 74S n. 14; 

846: S48 n. 11 

stationary points 411 n. 11 

sun dial 869 

Vogt. H. 275:278 n. 12:281: 340: 750 n. 19; 
836: 930 
Vossius 769 

vowels, associated with planets 262 n. 6 

Wadi Sarga 568 

Walcher of Malvern 597 

Wandalbert ofPriim 741; 746 

Warka sec Uruk 

Warn on 1043 

Warren 809:821 

Waschow 413 n. 5 

water clocks 561: 655: 658; 664 ; 708 

wave number 374: 377 

wax 852 

weather prognostications see meteorology 
weekdays 691: 954 n. 29; 955 n. 1; 1063 
Weights, fragmentary work of Ptolemy 
941 * 

Weltzeit 1070 

Werner. Johannes 879 n. 1 : 886f. 

Wcsterink 1043 

width of fundamental circles (see uh>: zodiac) 
278: 5S3 

Wilamowitz 572 n. 4 

Wilbcrg 889 n. 4 

William of Moerbeke 839f. 

winds sec meteorology, winds 

winter solstices 580 

world see universe 

world era see era. World 

Wustenfcld-Mahler. Tabellen 1074 


Ya‘qub7 868: 878 

Yazdegerd era see era. Yazd. 

year (see aha: precession) I E 2, 2 A: II B 8: 

601 f. 

anomalistic 1083 

sidereal 54: I E 2. 2 A: 441: 902: 1083 
tropical 1 B 1. I : 1 E 2. 2 A: 1083 
length (see also: seasons) 54; 901 : 1083 
yearly parallax see fixed stars, parallax 

Zacut 13 

ZarqalT ( = Azarqic!) 12:1083 
Almanac 605 n. 6: 1037 
zenith 

sun in zenith 43: 600 n. 23: 767: 886 a. 9; 
936 

zenith-distance 50: 102; 1078 
measurements 100 
Zeno 667 
zero 742 

Babylonian symbol for zero 352: 1113 
"‘first degree" 279; 5S2 n. 22: 595 n. 10: 
596 n. 19: 600 
year 0 1062 

zigzag functions .vce Babylonian astronomy 

zij al-'Ala'i ! 1 

z7j ash-Shah 8 

Zinner 801 n. 6 

zodiac 593 

in Egypt 561: 565: 567: 593: 608 
width 583; 1045: 1050 
zodiacal months see era. Dionysius 
zodiacal signs 299: 608: 788 n. 3: 1079 
counted from np 787 
symbols sec symbols (p. 1162) 
use for arcs of 30° see arcs, units 
Zosimus of Panopolis 1045 
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[1969]: A Computed List or New Moons for 319 B.C. to 316 B.C. from Babylon: B.M. 40094, 
Danskc Vidensk. Selskab, Mat.-fys. Medd. 37,3 (1969) 

[1971]: Lunar and Solar Velocities and the Length of Lunation Intervals in Babylonian Astronomy. 
Danske Vidensk. Selskab, Mat.-fys. Medd. 38,6 (1971) 

[1972]: Remarks on the Theoretical Treatment of Eclipses in Antiquity. Journal for History of 
Astronomy 3 (1972) pp. 105-118 

[1974]: Scientific astronomy in antiquity. Philos. Trans. Royal Soc. of London, Ser. A 276 (1974) 
pp. 21-42 

Aaboe-Henderson [1975]: Asgcr Aaboc-J. Henderson, The Babylonian Theory of Lunar Latitude 
and Eclipses according to System A. Archives internationales d'histoire des sciences 
Aaboe-Henderson-Neugebatier-Sachs [1975]: 

Some Atypical Astronomical Cuneiform Texts III 

Aaboe-Price [1964]: Asger Aaboe-Derek J. de Solla Price, Qualitative Measurement in Antiquity. 

Melanges Alexandre Koyre I. Paris, Hermann (1964) pp. 1-20 
Aaboe. Asger-Sachs, Abraham 

[1966]: Some dateless computed lists of characteristic planetary phenomena from the Late- 
Babylonian Period. JCS 20 (1966) pp. 1-33 

[1969]: Two Lunar Texts of the Achaemenid Period from Babylon. Centaurus 14 (19691 pp. 1-22 
Abbadie, Catal.: Catalogue raisonne des manuscrits ethiopiens appartenant a Antoine d'Abbadie. 
Paris 1859 

Abh. z. Gesch. d. Math.: Abhandlungen zur Geschichte der Mathematik. (Also as "Supplem.” to 
"Zeitschr. f. Math. u. Phys.") 

Abu’i Feda: Geographic d'AboulTeda. Traduite de l'arabe en francais ... par... [J.T.] Reinaud. 
Vol. I and II. 1 Paris 1848; vol. II. 2 by Stanislas Guyard, Paris 1883. (Arabic text ed. Reinaud- 
de Slane, Paris 1840) 

Achilles, Isug.: cf. Mass, Comm. Ar. rcl.. pp. 26-75 

Latin trsl.: Petavius, Uranologion (1630) pp. 121-164 ( = Migne, PG 19, col. 933-966) 

ACT: see Neugebauer, ACT 

Adam, Descartes: Charles Adam. Vie et Oeuvres de Descartes. Paris 1910. ( = vol 12 of Oeuvres de 
Descartes, publiees par Charles Adam et Paul Tannery. Paris 1897-1910) 

AfO: Archiv fur Orientforschung 

Ahnert, Tafeln: Paul Ahnert, Astronomisch-chronologische Tafeln fUr Sonne, Mond und Planeten. 
2nd ed., Leipzig. J. A. Barth, 1961 

Airy, Gravitation: George Biddell Airy, Gravitation, an Elementary Explanation of the Principal 
Perturbations in the System. London 1834 
AJP. American Journal of Philology 

AJSLL: American Journal of Semitic Languages and Literatures 

Alexander de Villa Dei: W. E. Van Wijk, Lc nombre d'or. Etude de chronologie technique, suivie du 
texte de la Massa compoti d’Alexandre de Villedieu. Le Have. Martin Nijhoff, 1936 
Alfonso el Sabio: Libro de las Cruces, ed. Lloyd A. Kasten-Lawrence B. Kiddle. Madrid-Madison 1961 
Ali: see Biruni. Tahdid 

Allen [1947]: Edwin Brown Allen, A Coptic Solar Eclipse Record. JAOS 67 (1947) pp. 267-269 
Allen. Star-names: Richard Hinckley Allen, Star-names and Their Meanings. New York. Stechert, 
1899 (reprinted 1936) 

Aim.: see Ptolemy, Almagest 

Aly. Strabo: Wolfgang Aly, Strabonis Geographica 

Bd.4: Strabon von Amaseia, Unlersuchungen iiber Text. Aufbau und Quellen der Geographika 
(1957) 

Vol. 1: Text. Libri I—II (1968) ( = Antiquitas, Reihe 1, Bd. 5 and 9, Habelt, Bonn) 

A.N.: Astronomische Nachrichtcn 

Anastos [1949]: Milton V. Anastos, Pletho’s Calendar and Liturgy; Pletho and Islam. Dumbarton 
Oaks Papers 4 (1949) pp. 183-305 
Anon., Logica et Quadr.: see Heiberg, Anon. 

Anschutz [1886, 1887]: C. Anschutz, Ober die Entdeckung der Variation und der jahrlichen Gieichung 
des Mondes. Zeitschr. fur Mathematik und Physik, Historisch-literarische Abteilung 31 (1886) 
pp. 161-171, 201-219; 32 (1887) pp. 1-15 

Anthol. Pal.: The Greek Anthology. Trsl. W. R. Paton. Loeb Classical Libr., 5 vols., 1960 
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Antin. Pap.: The Antinoopolis Papyri. Part Ill. ed. J.W.B. Barns-H. Ziliiacus. London. Egypt Explor. 

Soc. 1967 
Arago. Frangois 

Astr.: Astronomic populaire. 4 vols., Paris 1854-1857 

OEuvres: OEuvres completes. 12 vols.. Paris 1854-1859. Tables [i.e. indices, including Arago. Astr.] 
Paris 1862 

Aratus Comm.: see Hipparchus 
Aratus: see also Schott 

Archimedes. Opera: Archimedis opera omnia cum commentariis Eutocii. ed. J. L. Heiberg. 3 vols.. 
Leipzig. Teubner. 1910-1915 

trsl.: Paul Ver Eecke. Les OEuvres completes d'Archimede. Paris-Bruxelles 1921 
partial trsl. and paraphrase: E. J. Dijkstcrhuis, Archimedes. Copenhagen. Munksgaard. 1956. 
T. L. Heath. The Works of Archimedes. Cambridge Univ. Press 1897-1912 {reprinted New York. 
Dover Publ.l 

Aristarchus: see Heath. Arist. 

Armitage. SSS: Angus Armitage. Sun. stand thou still. New York. Schuman. 1947 
Arrighetti [1963]: Graciano Arrighetti. Problemi di letteratura meteorologica greca. Maia, N. S. 15 
(1963}pp. 399-441 

Aryabh.: The Aryabhatiya of Aryabhata. An Ancient Indian Work on Mathematics and Astronomy. 

Trsl. with notes by Walter Eugene Clark. University of Chicago Press, 1930 
ASSB: Annales de la Societc scienlifique de Bruxelles 

Asseman. Catal.: Stephanus Evodius Assemanus. Bibliothecae Mediccae Laurentianae el Palatinae 
codicum mss. orienlalium catalogus. Florentiac 1742 
Autoiycus 

De sphaera quae movetur: De ortibus ct occasibus 

Greek text: ed. Fr. Hultsch, Leipzig. Teubner. 1885 (with Latin trsl.) 

ed. Joseph Mogenet. Autoiycus de Pitane. histoire du lexic suivie de Fedition critique ... Univ. de 
Louvain. Recueil de Travaux d'histoire et dc philologic. 3' ser.. fasc 37 (1950) 

Greek text with Engl, trsl.: The Books o! Autolykos. On a Moving Sphere and On Risings and 
Settings Trsl. and ed. by Frans Bruin and Alexander Vondjidis Beirut American University of 
Beirut' 1971 

German trsl.: Autolykos. Rolierende Kugei und Aufgang und UntergangderGestirne. Theodosios 
von Tripolis. Sphaerik. Obers. v. Arthur Czwalina, Leipzig 1931 (Ostwalds Klassiker 232) 

Avezac [1863]: [Armand] d'Avezac [-Macaya]. Coup d'a-il historique sur la projection des carles 
de geographic. Bull, de la Societe de Geographic, ser.V I. 5 (1863). pp. 257-361. 438-485 
Baehr. Tafeln: U. Baehr. Tafeln zur Behundlung chronologischer Probleme. Veroffentlichungen des 
Astronomischcn Rechen-lnstituts zu Heidelberg. Nr. 3 (1955) 

Bagrow. Kartogr.: Leo Bagrow. Die Geschichte dcr Kartographie. Berlin 1951 

[1946]: The Origin of Ptolemy’s Geographia. Geografiska Annaler 27 (1946) p. 31S-3S7 
Bailey. Zor. Probl.: Harold Walter Bailey. Zoroaslrian Problems in the Ninth-Century Books. Oxford 
1943 

Bailly. [Jean-Silvain] 

Astr. Anc.: Histoire de Fastronomie ancienne depuis son origins’ jusqu'a letablissement de 1’ecole 
d'Alexandrie. Seconde edition. Paris 1781 [1st ed. 1775] 

Astr. ind.: Trails de Fastronomie indienneet orientale. Paris 1787 

Astr. Moderns: Histoire de Fastronomie moderne depuis la Tondation de Fecolc d'Alexandrie. 
jusqu'a Fepoque de 1730 (1732). Nouvelle edition, Paris 1785 (3 vols.) [1st ed. 1779-1782] 
Bainbridge. Ptol.. Hyp. Plan,: Procli Sphaera. Ptolemaei de Hypolhesibus Planetarum liber singularis. 
nunc primum in lucent editus. Cui accessit ejusdem Ptolemaei Canon Regnorum. Vtrumque 
librum ex codicum M.S. collatione summa diligentia restituit Latine reddidit et figuris illustravit 
Ioh. Bainbridge Med. Doctor et Astronomiae in celcberrima Oxoniensi Academia Professor. 
Londini... 1620 

Bakir. Cairo Cal.: Abd el-Mohsen Bakir, The Cairo Calendar No..86637. Antiquities Department of 
Egypt, Cairo 1966 

Balss. Ant. Astr.: Heinrich Balss, Antike Astronomie. Munchen, Heimeran, 1949 
Bar Hebraeus 

Candel.: Le Candelabre des Sanctuaires de Gregoire AboulTaradj dit Barhebraeus. ed. et trad, en 
Francois par Jan Bakos. Palrologia Orientalis 2Z Paris 1930. pp. 4S9-627 
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Bar Hebraeus (continued) 

Chronogr.: The Chronographs 1 of Gregory Abu'l Faraj... commonly known as Bar Hebraeus ... 
trsl. by E. A. W. Budge, Vol. I. Oxford University Press. 1932 

L'asc.: Le livre de 1’ascension de I’esprit sur la forme du ciel et de la terre. Cours d’astronomie 
redige en 1279 par Gregoire Aboulfarag. dit Bar Hebraeus. public par F. Nau. 2 parts. Paris 1899 
Bar Sinaya, Chron.: see Delaporte 

Bartaiucd [1961]: Aldo Bartalucci, Una fonte egizia di eta tolemaica nella geografla zodiacale di 
Manilio. Studi Italiani di Filologia Classica 33 (1961) pp. 91-100 
Basile, Hexaem.: Basile de Cesaree. Homelies sur PHexaemeron. Texte grec. introd. et trad, de Stanislas 
Giet. Sources Chreticnnes [26] Paris 1950 
Batlani: see Nallino, Batt. 

Baumgartner [1894]: A. Baumgartner. Joseph Eppingf, ZA. 9 (1894) pp. 427-433 
Bayer, Uranometria: loannis Bayeri Rhainani I. C. Uranometria, omnium asterismorum continens 
schemata, nova methodo dclineata. nereis laminis expressa. 1603 
BCH: Bulletin de Correspondance Hellenique 

Beck, Lit.: Hans-Georg Beck, Kirche und theologische Literaturim Byzantinischen Reich. (Byz. Hdb. 

im Hdb. d. Altertumswissenschaft). Munchen. Beck, 1959 
Berger. Hugo 

Erdk.: Geschichte der xvissenschaftlichen Erdkunde der Griechen. 2nd ed.. Leipzig. 1903 
Geogr. Fr. Erat.: Die geographischen Fragmente des Eratosthenes. Leipzig. Teubner, 1880 
Geogr. Fr. Hipp.: Die geographischen Fragmente des Hipparch. Leipzig. Teubner. 1869 
Bergk. Abh.: Theodor Bergk. Funf Abhandlungen zur Geschichte der griechischen Philosophic und 
Astronomie. Leipzig 1883 

Bernays, Seal.: Jacob Bernays. Joseph Justus Scaliger. Berlin 1855 

Bernsen [1969]: Lis Bernsen. On the Construction of Column B in System A of the Astronomical 
Cuneiform Texts. Centaurus 14 (1969). pp. 23-28 
Bessel, F. W. 

Abhandlungen von Friedrich Wilhelm Bessel. Herausgegeben von Rudolf Engelmann. 3 vols., 
Leipzig. 1875-1876 

[1838]: A letter from Professor Bessel to Sir J. Hersche! ... dated ... Oct. 23. 1838' M.N.4 (1839) 
pp. 152-161 

[1839]: Bestimmung der Entfernung des 61 Mcn Sternes des Schwans. A.N. 16 (1839) col. 65-96 
(No. 365. 366) [reprinted, with some additions: Bessel, Abh. II. pp. 217-236] 

Besthorn-Heiberg. Cod. Leid.: R O. Besthorn-J. L. Heiberg Codex Leidensis 399.1. Euclidis Elcmenta 
ex interpretatione Al-Hadschdschadschii cum Commentariis Al-Narizii. Copenhagen 1897-1932 
(3 vols.) 

Bezdeki [1924]: St. Bezdeki. Nicephori Grcgorac epistulae XC. Ephemeris Dacoromana. Annuario 
della Scuola Romena di Roma 2 (1924) pp. 239-377 
Bezold-Kopff-Boll [1913]: Carl Bezold-August Kopff-Franz Boll, Zenit- und Aequatorialgcstirne am 
babylonischen Fixsternhimmcl. S B. Heidelberger Akad. d. Wiss_ Philos.-hist. Kl. 1913. Abh. 11 
Bhattolpala: see Brahmagupta 

Bickerman. Chron.: E. J. Bickerman. Chronology of the Ancient World. London. Thames and Hudson- 
Cornell Llniv. Press, 1968 

Bidez [1935]: Joseph Bidez, Les ecoles chaldeenncs sous Alexandre et les Seleucides. Bruxelles, 
Melanges CaparL 1935. pp. 4I-S9 

Bidez-Cumont. Mages: Joseph Bidez-Franz Cumont. Les Mages hellenises. 2 vols.. Paris 1938 
Bilfinger, Gustav 

Burger!. Tag.: Der biirgerliche Tag. Llntersuchungen tiber den Beginn des Kalendertages im 
classischen Altertum und im christlichen Mittelalter. Stuttgart 1888 

Zeitm.: Die Zeilmesser der antiken Volker. Festschrift... des Eberhard-Ludwigs-Gymnasiums in 
Stuttgart (1886) 

Biilard [1956]: Roger Billard, Perspectives nouvelles sur Pastronomie indienne. Artibus Asiae 19 
(1956) pp. 186-196 

Biot [1843]: Edouard Biot, Catalogue des etoiles extraordinaires observees en Chine depuis les temps 
anciens jusqu’a Tan 1203 de noire ere. Extrait du livre 294 de la grande collection de Ma-touan-lin, 
Connaissance de Temps ... pour Tan 1846. Paris 1843, Additions ... pp. 60-68 
Biot EAT: J. B. Biot, Etudes sur Pastronomie indienne. Paris 1S62 
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Biruni 

Astrology: The Book of Instruction in the Elements of the Art of Astrology. By Abu'l-Rayhan 
Muhammad ibn Ahmad Al-Biruni. Text and transl. by R. Ramsay Wright London. Luzac. 1934 
Chron.: The Chronology of Ancient Nations. An English Version of the Arabic Text of the Athar- 
ul-Bakiva of Albiruni or the "Vestiges of the Past". Trsl. C. Edward Sachau. London IS79 
India: Alberuni's India. An Account of the religion, philosophy, literature, geography, chronology, 
astronomy, customs, laws and astrology of India about A.D. 1030. An English edition with notes 
and indices by Edward C. Sachau. 2 \ols.. London 1910 

Tahdid: The Determination of the Coordinates of Positions for the Correction of Distances 
between Cities. A translation from the Arabic of al-Biruni's Kilab Tahdid Nihayat al-Amakin 
Litashih Masaftit al-Masakin by .lamil Ali. American Univ. of Beirut- 1967. E. S. Kennedy. A 
commentary upon Biruni's Kitab Tahdid al-Amakin. An 11th Century Treatise on Mathematical 
Geography. American Univ. of Beirut. 1973 

Transits: Al-Biruni on Transits. Trsl. by Mohammad Saffouri and Adnan Ifram. comm, by F..S. 
Kennedy. American Univ. of Beirut. Oriental Series 32. Beirut 1959 
Biruni: see also Suter [1910] 

Bitruji. Astron.: al-Bitruji. on the Principles of Astronomy, ed. Bernard R. Goldstein. Yale University 
Press. 1971. Vol. 1: Analysis and Translation. Vol. 2: The Arabic and Hebrew Versions 
Bjornbo. Axel Anthon 

[1901]: Hat Menelaos aus Alexandria einen Fixsternkatalog verfasst? Bibliotheca Mathematica. 
3. Folge, Bd. 2 (1901) pp. 196-212 

[1902]: Studicn iiber Menelaos' Sphiirik. Beitrage ztir Geschichte der Sphiirik und Trigonomelrie 
der Griechen. Abhandlungen zur Geschichte der maihematischen Wissenschafieri. Heft 14 (1902) 
Blachcre: see Sa'id 

Blass, Eud. ars astr.: F. Blass, Eudoxi ars astronomica qualis in cliarla aegyptiaca superest denuo edila. 
Kiel. Program of the University for 1887 

Boeckh, August , t 

Kl. Schr.: Gesammelte kleine Schriften. 7 vols. Leipzig. Teubner. 1858-1872 
Sonnenkr.: Ueber die vierjahrigen Sonner.krcisc der Alien, vorziiglich den Eudoxischcn. Ein Bcitrag 
zur Geschichte der Zeitrechnung und des Kalenderwesens der Aegypter. Griechen und Romer. 
Berlin 1863 y 

Boehme [1887]: .1. Boehme, Ueber Eratosthenes' Katasterismen. Rbeinisches Museum N.F. 42 (1887) 
pp. 285-309 

Boilot [1955]: D. J. BoiloL L’atuvre d'al-Beruni. Essai bibliogruphiquc. Institut Dominicain d'E aides 
orientales du Caire. Melanges 2 (1955) pp. 161-255. Cf. also Melanges 3 (1956) pp. 391-396 
Boll. Franz 

Gr. Kal.: Griechische Kalender. Herausgegeben von F. Boll, S.B. d. Heidelberuer Akad. d. Wiss.. 
Philos.-hist. Kl. 1. F. Boll. Das Kaiendarium des Antiochos, 1910. 16. 11. F. Boll. Der Kalender der 
Quintilicr und die uberlieferungder Geoponica, 1911. I. 111. A. Rchm. Das Parapegma des Eukle- 
nioti, 1913.3. IV. L. Bianchi. Der Kalender des sogenannten Clodius Tuscus. 1914.3. V. H. Vogt, 
der Kalender des Claudius Ptolemiius. 1920. 15 ( = Vogl [1920j) 

Kl. Schr.: Kleine Schrirten zur Sternkunde des Altcrtums. Leipzig 1950 

Lebensalter: Die Lebensalter. Neue Jahrb. 31 (1913) pp. 89-146 (also as monograph. Leipzig, 
Teubner. 1913) 

Sphaera: Sphaera. Leipzig, Teubner. 1903 

[1894]: Studicn iiber Claudius Ptolcmiius. Leipzig. Teubner. IS94. reprinted from Jahrbiicher 
f. classische Philologie. Suppl. 21. pp. 47-244 

[1898]: Psellus und das "grossc Jahr”. Byzantinische Zeitschr. 7 (1898) pp. 599-602 
[1899]: Beitrage zur Ueberlieferungsgeschichte der griechischen Astrologie und Astronomic. S.B. 
der philosophischen-philologischen und der historischen Classe der k. b. Akademie der Wisscn- 
schaften zu Miinchen. 1S99. I. pp. 77-140 

[1901]: Die Sternkataloge des Hipparch und des Ptolemaios. Bibliotheca Mathematica 3. Folge. 
Bd. 2 (1901) pp. 185-195^ 

[1910]: see Boll, Gr. Kal. 1 

[1913]: Neuesfeur bahylonischen Planetenordnung. ZA 28(191?) pp. 350-351 

[1916]: Antike Beobachtungen farbiger Sterne. Abh. d. kgl. Bayerischen Akad. d. Wiss- Pliilos- 

philol. u. hist. Kl. 30. Abh. 1 (1916) 
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Bonne. Atlas encycl.: [Rigobert] Bonne. Allas encydopedique. contenant la geographie andenne et 
queiques cartes sur la geographie du moyen age. la geographie moderne et les cartes relatives a la 
geographie physique. Paris 1787-1788 (2 vols.) 

BorchardL Zeitm.: Ludwig BorchardL Die altagyptische Zeitmessung. ( = Bassermann-.lordaa Die 
Geschichte der Zeitmessung und der Uhren, Bd. 1, B). Berlin-Leipzig 1920 
Boulliau: see Bullialdus 

Bouche-Leclercq, AG: A. Bouche-Leclercq, L’astrologie grecque. Paris. Leroux, 1899 [reprinted: 
Bruxelles. Culture et Civilisation. 1963] 

Bouriant [1898]; U. Bouriant. Sur trois tables horaires coptes. Memoires presentes a I'lnstitut Egyptien 
3. Le Caire 1898, pp. 575-595 

Bouriant [1904]: Pierre Bouriant. Fragment d’un manuscrit copte de basse epoque ayant comenu les 
principes astronomiques dcs Arabcs. JAs. 10 ser. 4 (1904) pp. 117-123 
Boutelle [1967]: Marion Boutelle, The Almanac of Azarquiel. Centaurus 12 (1967) pp. 12-19 
Boyance. Etudes: Pierre Boyance. Etudes sur le Songe de Scipion. Bibliotheque des Univcrsites du 
Midi 20. Paris 1936 

Boyle [1961]: John Andrew Boyle. The Death of the last ‘Abbasid Caliph: A Contemporary Muslim 
Account. JSS 6 (1961) pp. 145-161 
Br.-Jat.: see Varahamihira. Brhajjataka 
Br.-Smh.: see V'arahamihira, Brhatsamhita 

Brae. Chaucer: Andrew Edmund Brae, The Treatise on the Astrolabe of Geoffrey Chaucer. London 
1870 

Brahe, Opera: Tvchonis Brahe Dani Opera omnia ed. I L. E. Dreyer. 15 vols., Copenhagen 1913-1929 
Brahmagupta 

Khandakhadyaka: The Khandakhadyaka (an astronomical treatise) of Brahmagupta with the 
commentary of Bhattotpala. Edited and translated by Bina Chatlerjee. Vol. I, Introduction. 
Translation and Mathematical Notes, Vol. II. Text and Commentary. World Press, Calcutta. 1970 
The Khandakhadyaka, an astronomical treatise of Brahmagupta. Translated into English with an 
Introduction. Notes, Illustrations and Appendices, by Prabodh Chandra SengupUt. I'niv. of 
Calcutta. 1934 

Brashear-Neugebauer [1973]: Wm. Brashear-O. Neugebauer, Zwei Berliner Papyri: ein Horoskop 
und eine Jupiter-Tafcl. Osterreichische Akademie der Wisscnschaften, Philos.-hisL Kl_ Anzeiser 
110 (1973) pp. 306-312. 

Braunmuhl. Gesch. d. Trig.: A. von Braunmiihl. Vorlesungen liber Geschichte der Trigonometric. 
Leipzig. Teubner. 1900. 1903 (2 vols.) 

Brockelmann, GAL: Carl Brockelmann, Geschichte der arabischen Litteratur. 1st ed., 2 vols. 1898, 
1902; supplements. 3vo!s., 1937-1942; 2nd ed.. 2 vols.. 1943, 1949. Cf. also Sezgin GAS 
Bruins-Rutten. TMS: E. M. Bruins-M. Rutten. Texles mathematiques de Suse. Memoires de la 
Mission Archeologique en Iran 34. Paris 1961 

BS: Catalogue of Bright Stars. Yale University Observatory. New Haven. l2l Second Edition by Frank 
Schlesinger and Louise Jenkins. 1940. !3l Third Revised Edition by Dorrit HoffleiU 1964 
Bude: Collection des Universites de France publiee sous le patronage de (’Association Guillaume 
Bude 

Budge, Syr. Anal.: E. A. Wallis Budge, Syrian Anatomy Pathology and Therapeutics or the "Book 
of Medicines". 2 vols.. Oxford 1913 

Bullialdus. Astron. Phil.: Ismaelis Bullialdi Astronomia Philolaica opus novum. In quo motus 
Planetarum per nouam ac veram Hypothesim demonstrantur. Paris 1645 
Burckhardt [1958]: J. J. Burckhardt, Zwei griechische Ephemeriden. Osiris 13 (1958) pp. 79-92 
Burgess. Surya-Siddhanla: see Surya-Siddhanla 

Burgess [1893]: James Burgess, Notes on Hindu Astronomy and the History of our Knowledge of it. 

J. Royal Asiatic Society of Great Britain and Ireland for 1893. pp. 717-761 
Buttmann [1810]: Philipp Buttmann. Ueber den Ptolemaus in der Anthologie und den Klaudius 
Ptolemiius. Museum der Alterthums-Wissenschaft 2 (1810) pp. 455-506 
Byz. Z.: Byzantinische Zeitschrift 

Cabrol-Leclercq. Mon. eccl. lit. V: F. Cabrol-H. Leclercq. Monumenta ecclesiae liturgica. Vol. V. 
Le Liber Ordinum en usage dans 1'eglise wisigothique et mozarabe d’espagne du cinquieme au 
onzieme siecle... par D. Marius Ferotin. Paris. Firmin-Didot, 1904 
CAG: Commentaria in Aristotelem Graeca. (ed. Acad. Berlia I8821T.) 
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Cambridge. War in India: Richard Owen Cambridge, An Account of the War in India between the 
English and French on the Coast of Coromandel. From the Year 1750 to the Year 1760. London 
1761 

Cambr. Med. Hist.: The Cambridge Medieval History. Cambridge Univ. Press. 8 vols- in part Hod 
edition 

Cameron [1969]: Alan Cameron, La fin de I'Academie. Colloques intern, du Centre Nat. de la Rech. 
Sci. Royaumont 9-13 juin 1969. pp. 281-290 

Cantor. Agrim.: Moritz Cantor, Die romischen Agrimensoren und ihre Stellung in der Geschicllte 
der Feldmesskunst. Leipzig. Teubner. 1875 

Capelle [1925]: Wilhelm Capelle, Alteste Spuren der Astroloeie bei den Griechen. Hermes 60 (1925) 
pp.373-395 
Carmody. Francis J. 

AAAS: Arabic Astronomical and Astrological Sciences in Latin Translation. A Critical Bibli¬ 
ography. Univ. of California Press 1956 

[1947]: Leopold of Austria “Li Compilacions de ie Science des Estoilles" Books I—III. Berkeley- 
Los Angeles 1947 ( = Univ. of California Publ. in Modem Philology 33,2 p. 1—IV-4-35—102) 
Carmody: see also Thabit b. Qurra 

Carra de Vaux [1892]: M. le Baron Carra dc Vaux. L'almageste d'Abu'lwefa Albuzdjani. J. As.. 
8. ser. t. 19 (1892) pp. 408-471 

Caspar, Mars: Johannes Kepler, Neue Astronomie, Ubersetzt und eingeleitet von Max Caspar. 
Miinchen-Berlin 1929 

Cassini, Eclisse solare: Giovanni Dominici Cassini. Osservatione del eclisse solare fatta in Ferrara 
d’anno 1664, con una figura intagiiatti in rame, the rapresenta uno nuovo mctodo di trovar 
I’apparenze varie che fa nel medesimo tempo in tutta la terra. Ferrara 1664 

Cassini. [Jacques] . . . ; . 

Elem. d'Astr.: Elemens d'Astronomie. Paris 1740 

Tables astron.: Tables astronomiques du soleii, de la lune. des planetes, des etoiles fixes, et des 
satellites de Jupiter ct de Saturne: Avec I'Explication el l'Usage de ces memes Tables. Par M r . 
Cassini. ... A Paris. ... 1740 

[1738]: Des variations que I’on observe duns la situation ct dans le mouventent de diverses 
etoiles fixes. Hisloire de I'Academie roynlc des sciences. Annee 1738. Avec les memoires de mathe- 
matique et de physique, pour la meme Annee. tires des registres dc ccttc Academic. (Paris 1740) 
pp.331-346 

Catal. Mon. Inscr. Eg.: J. de Morgan. U. BourianL G. Legrain. G. Jequier. A. Barsanli. Catalogue des 
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1865) pp. 147-258 

ed. Joh. Wrobel. Leipzig. Teubner. 1S76 

Charles. Enoch: R H. Charles. The Book of Enoch or 1 Enoch, translated from the editor's Ethiopic 
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Sanscrit of Brahniegupla and Bhascara. London 1817 
Columella, re rust.: Lucius Junius Moderatus Columella. On Agriculture. Trsl. Ash-Forster-HelTner. 
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Reprint Corp., NevvYork, 1965 

German trsl.: C. L. Menzzer, Nicolaus Coppernicus aus Thorn, Ober die Kreisbewegungen der 
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Greek Antliol.: The Greek Anthology, trsl. W. R. Paton, 5 vols.. Loeb Cl. Libr. 1960 
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Lindos II. Gdtlingische Gelehrte Anzeigen 204 (1942) pp. 161-169 
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j Greek text: Hippolytus Werke. Bd. 3 Refutatio omnium haeresium. cd, Paul Wendland. Leipzig. 

Hinrichs, 1916. [Die griechischen christlichen Schriftsteller der ersten drei Jahrhundertc] 
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ed. Chatelain-Legendre: Hygini Astronomica. texte du manuscrit Tironien de Milan, publ. par 
Emile Chatelain-Paul Legendre. Paris 1909 (Bibliotheque de 1’EcoIe des Halites Eludes, Sci. hist 
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al-Kashl. Lehrbrief: see Luckey 
Kaye. G. R. 
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d. Wissenschaften in Wien. Philos.-histor. Kl. 57, 3 (1915) 

Zeitrechn.: Grundriss der antiken Zeitrechnung. Handbuch d. Altertumswissenschaft Abt. 1. 
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1'Academie Royale des Sciences, de I'Annee 1757, pp. 4! 1-470 
La Loubere. Simon de (1642-1729): Du rovaume de Siam Par Monsieur de La Loubere Envoye 
extraordinaire du ROY aupres du Roy de Siam en 1687. et 1688. Paris... 1691 [2 vols.] 

Lambros. Catal.: S. P. Lambros. Catalogue of the Greek Manuscripts on Mount Athos. 2 vols Cambr, 
Unix. Press. 1S95. 1900 

Langdon-Fotheringham-Schoch. Ammiz.: S. Langdon-J. K. Fotheringham-Carl Schoch. The Venus 
Tablets of Ammizaduga. Oxford LIniv. Press, 1928 
Laplace: OEuvres completes. 14 vols. Paris 1S78-1912 
Lasserre: see Eudoxos 
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Lattin. Harriet Pratt 

[1933]: Lupitus Barchinonensis. Speculum 7 (1933) pp. 58-64 

[1947]: The Eleventh Century MS Munich 14436: Its Contribution to the History of Coordinates, 
of Logic, of German Studies in France. Isis 38 (1947) pp. 305-335 
LBAT: see Pinches-Sachs 

Le Gentil de la Galaisiere, Guillaume Joseph Hyacintlie Jean [1735-1793] 

[1771]: Extrait du Journal d'un voyage fait par ordre du Roi. dans les mers de 1'lnde. Pur M. le 
Gentil. Memoires de Mathemalique et de Physique, tires des registres de [Academic Royaie des 
Sciences. Annee 1771: p. 247-280 

[1772.11]: Premier Memoire sur Linde, particulierement sur quelques points de [astronomic des 
gen tils Tamoults: Sur Pondichery et ses environs Par M. leGentil. [Same Memoires:] Suite de 
[Annee 1772: p. 169-214 

Suite du premier memoire sur ITtide. Par M. leGentil. Methode en usage parmi les Brames de la 
cote de Coromandel, pour calculer les Eclipses de Lune. [Same Volume:] p. 221-266 
[The following “Voyage" is an amplified version of the preceding publications of 1771 and 1772:] 
Voyage dans les mers de [Inde. fait par ordre du Roi. A [occasion du Passage de Venus, sur le 
Disque du Soleil. le 6Juin 1761. et le 3 du meme mois 1769. Par M. LeGentil. de [Academic 
Royaie des Sciences. Paris. Impr. royaie. 1779, 1781 

[Voyage, vol. I. ed. of 1779. p. 206-352 concerns astronomy: p. 206-313 is a republication, with 
minor changes and additions, of the “Memoire sur i'lndc" of 1772 (p. 173-214. 221-2661] 

[1784]: Remarques et observations sur [astronomic des Indiens. et sur fanciennete de. cetle 
Astronomie Par M. leGentil. [Same Memoires as 177] and 1772. II.] Annee 1784: p. 4S2-501 
Lejeune. Albert 

Cnlopt gt.: Rccherchcs sur la catoptriquc grccque d'apres les sources antiques et medievalcs Acad. 
Roytile de Belgique. Classe des Lcttrcs. Memoires 52. Fuse. 2 (1957) 

Opt. Piol.: L'Oplique de Claude Ptolcmcc dans la version Inline d'apres farabe dc [emir Eugene de 
Sicile Louvain 1956 

Euclide et Ptol.: Euclide et Ptolemee. deux slades de [optique geometrique grecquc Louvain 1948 
[1947]: La dioptre d'Archimede. Annales dc la Soeiete Scientifiquc de Bruxelles, ser 1 vol. 61 
(1947) pp. 27-47 

Lelewel. Geogr. moven age: Joachim Lelevvcl. Geographic du moven age. (Text and Atlas) Bruxelles 
1852. 1850 

Leinerle, Hum. Bvz.: Le premier humanisme byzantine. Notes et remarques sur enseignement et culture 
a Byzance des origines au X' siecle. Paris 197) (Bib). Bvz.. Etudes 6) 

Lemonnicr. Inst, aslron.: Pierre-Charles Le Monnier. institutions astronomiques ... precedees d’une 
Essay sur I'histoire de [astronomie modernc. Paris 1746 
Letronne. OEuvres cltoisies: A.-J. Letronne. OEuvres choisies de A.-.l. Letronne Paris. Leroux. 1881- 
1883 (3 series of 3 vols. each) 

Levi [1941]: Doro Levi. The Allegories of the Months in Classical Art. The Art Bulletin 33 (1941) 
pp. 351-391 

Levy [1942]: Raphael Levy. The Authorship of a Latin Treatise on the Astrolabe. Speculum 17 (1942) 
pp. 566-569 

Loch: The Loeh Classical Library. Harvard LIniv. Press-William Heinemann Ltd. 

Lofgreri [1962]: Oscar Lofgren. Athiopische Wandamuletle. Orientalia Suecana 1 1 (1962) pp. 95-120 
Logica et Quadriuium: see Anon. L. el Qu. 

Lohne. .1. A. 

[1959]: Thomas Harriot (1560-1621). the Tycho Brahe of Optics. Centaurus 6 (19591 pp. 113-121 
[1965]: Thomas Harriot als Mathematiker. Centaurus 11 (1965) pp. 19-45 
Loret [1882 1884]: Victor LoreL Les fetes d'Osiris au mois de Khoiak. Rec. trav. 3 (1SS2) pp. 43-57: 

4 (1SS3) pp. 21-33: 5 (1884) pp. 85-103 
Lowe. CLA: E. A. Lowe. Codices Latini Antiquiores. Oxford 1934 rf. 

Luckey, P. 

Lehrbrief: Der Lehrbrief fiber den Kreisumfang (ar-risala al-muhmya) von Gamsid b. Mas'Dd al- 
Kasi. Abhandlungen d. Deulschen Akad. d. Wissenschaften zu Berlin. Kl. Fur Math. u. aligem. 
Naturwissetischaften 1950 Nr. 6 (Berlin 1953) 

[1927]: Das Analemma von Ptolemaus. Astron. Nadir. 230 (1927) No. 5498 col. 17-46 
[1937]: Tabit b, Qurra's Buch fiber die ebenen Sonnenuhren. QS B 4 (1938) pp. 95-148 





1184 


Bibliographical Abbreviations 


Luckey (continued) 

[1948]: Beitrage zur Erforschung der islamischen Mathematik. Orientalia 17 (i948) pp. 490-510 
Lydus 

Dc mens.: loannis Laurentii Lydi, Liber de mensibus, ed. R.Wuensch, Leipzig 1898 
De osl.: loannis Laurentii Lydi. Liber de oslentis et calendaria graeca omnia, ed. Curtius Wachs- 
muth. Leipzig. Teubner, 1st ed. 1863. 2nd ed. 1897 
Maass. Ernst 

Anal. Erat.: Analecta Eratosthcnica. Philologische Untersuchungen 6 (1883) 

Aralea: Aratea. Philologische Untersuchungen 12 (1892) 

Comm. Ar. re!.: Commentariorum in Aratum reliquiae. Berlin, Weidmann, 1898 
[1881]: Das vaticanische Verzeichniss der Aratcommentatoren. Hermes 16 (1S81) pp. 385-392 
Macrobius. Comm. 

ed. Eyssenh.: Ambrosii Theodosii Macrobii. Commentariorum in Somnium Scipionis. In 
Macrobius. ed. Fr. Eyssenhardt Leipzig Teubner. 1893. pp. 476-663 

ed. Willis: Ambrosii Theodosii Macrobii. Commentarii in Somnium Scipionis. Macrobius vol. II. 
ed. J. Willis. Leipzig. Teubner. 1963 

Trsl.: Macrobius Commentary' on the Dream ofScipio. translated with an Introduction by William 
Harris Stahl. Columbia Univ. Press. New York. 1952 
Malalus 

ed. Dindorf: loannis Malalae chronographia rec. L. Dindorf Bonn 1831 (Corpus Scriptorum 
Historiae Byzantinae) 

trsl.: Chronicle of John Maktlas. Books VIII-.XVIII. translated from the Church Slavonik by 
M. Spinka-G. Downey. Chicago Univ. Press 1940 
Man.: =Manitius 

Manetho, Apotel.: Manethonis Apotelesmaticorum libri VI ed. Arm. Koechlv. Leipzig 1858 
Manfredi [1965]: Manfredo Manfredi. Presentazione di un testo astronomico e discussione di un 
documento di Aniinoe. Atti dell' XI Congresso Intemazionaie di Papirologia. Milano 2-8 Set- 
tembre 1965 (Milano 1966) pp. 237-243 

Manfredi-Neugebauer [1973]: M. Manfrcdi-O. Neugebauer. Greek Planetary Table from the Time 
of Claudius. Zeitschr. fur Papyrologic u. Epigraphik 11 (1973) pp. 101-114 
Manilius 

ed. Breiter: M. Manilius. Astronomica. herausg. v. Theodor Breiter. I Text II Kommentar. 
Leipzig 1908 

ed. Housman: M. Manilii. Astronomicon. Rec. A. E. Housman. 5 vols.. 2nd ed.. Cambridge 1937 
Manilius: cf. Almagest: Geminus: Hipparchus: Proclus 

Mansi. Concih: Joannes Dominicus Mansi. Sacrorum Conciliorum nova, et amplissima collectio. 

Florentiae 1759-1798 (31 vols.) (Reprinted Paris 1901-1906) 

Martianus Capella: De nuptiis Philologiae et Mercurii. libri VIII. ed. A. Dick. Leipzig. Teubner. 1925 
see also Willis [1971] 

Marlin [1864]: Th. Henri Martin. Memoire sur les observations astronomiques envoyees. dit-on. de 
Babylone en Grece par Callisthene Memoires presentes par divers savants a 1'Academie des 
Inscriptions el Belles-lettres Ser. 1. vol. 6 (1864) pp. 295-325 
Masha’allah: see Kennedy-Pingree 

Maxe-Werly [1887]: L. Maxe-Werlv. Decouverts a Gondrecourt (Meuse) et a Grand (Vosges). 

Memoires de la Societe Nationaledes Anliquaires de France-48 (1887) pp, 152-178 
Meeus [1958]: J. Meeus The Transits of Venus 3000 B.C. to A.D. 3000. J. of the British Astronomical 
Association 68 (195S) pp. 98-108 
Menelaos: see Krause. Menelaos 

Menninger. ZZ: Karl Menninger, Zahhvort und Ziffer. 2. AufL Gottingen. Vandenhoeck u. Ruprecht. 

1958 [English version: Number Words and Number Symbols. Cambridge. M.I.T. Press 1970] 
Mentz [1908]: Arthur Mentz, Zur byzantinischen Chronologie. Byz. Z. 17 (1908) pp. 471-478 
Menzzcr. Copp.: see Copernicus. Revol. 

Mercati-Cavalieri, CVGI: Johannes Mercati-Pius Franchi de'Cavalieri. Codices Vaticani Graeci, 
Tomus I, Codices 1-329, Roma 1923 
Meritt. Benjamin Dean 

Ath. Cal.: The Athenian Calendar in the Fifth Century. Harvard University Press 192S 
Ath. Year: The Athenian Year. Univ. of California Press 1961 
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Metocbites: see Sevcenko 

Meyerhof [1932]: Max Meyerhof, Joannes Grammatikos (Philoponos) von Alexandrien und die 
arabische Medizin. Mitteilungen des deulschen Instituts fiir agyptische Altertumskunde in Kairo 
2 (1931) pp. 1-21 [Summary: Isis 18 (1932) pp.447ff] 

Mich. Pap. Ill: Michigan Papyri, Vol. III. Papyri in the University of Michigan Collection. Miscel¬ 
laneous Papyri. Edited by John Garrett Winter. Ann Arbor. Univ. of Mich. Press. 1936 (Univ. of 
Mich. Studies. Humanistic Series, vol. 40) 

Michaux. Comm, de Marinus: Maurice Michaux. Le Commentaire de Marinus aux Data d'EucIide. 

Etude critique. Louvain, Recueil de Travaux d'Histoire et de Philologie 3' ser.. fasc. 25. 1947 
Michels. Cal. Rom. Rep.: Agnes Kirsopp Michels. The Calendar of the Roman Republic. Princeton 
Univ. Press. 1967 

Migne: J.-P. Migne. Patrologiae cursus completus. 

PG: Series graeca 
PL: Series lalina 
Milltis Vallicrosa. Jose M a 

Est. Azar.: Estudios sobre Azarquiel. Madrid-Granada 1943-1950 

Hist. Catal. Med. 1: Assaig d'Hisloria de les idees fisiqucs i matematiques a la Catalunya Medieval. 
Vol. 1. Estudis Universitaris Catalans, Barcelona 1931 

Ibn ‘Ezra: El libro de los fundamentos de las Tablas astronomicas de R. Abraham ibn ‘Ezra. 
Madrid-Barcelona 1947 

[1932]: La inlroduccion del cuadrante con cursor en Europa. Isis 17 (1932) pp. 218-258 
[1940]: Un nuevo tratado de astrolabio de R. Abraham ibn ‘Ezra. Al-Andalus 5 (1940) pp. 
1-29 

[1943]: La aportacion astronomica de Pedro Alfonso. Sefarad 3 (1943) pp. 65-105 

[1944]: Sobre un "Tratado de Astrolabio" atribuido a R. Abraham ibn ‘Ezra. Sefarad 4 (1944) 

pp. 31-38 

M.N.: Monthly Notices of the Royal Astronomical Society 

Mobius. Werke: August Ferdinand Mobius. Gesammelte Werke. 4 vols.. Leipzig 1885-1887 , ; 
Mogenet. Joseph 

Autol.: see Aulolvcus 

[1947]: Les definitions dans l'Ancicnne Spherique. Annales de la Societe scientifique de Bruxelles, 
ser. 1. t. 61 (1947) pp. 235-241 

[1948]: La Traduction la tine par Gerard de Cremone du Traite de la Sphere cn Mouvement 
d'Aulolycus. Archives Internationales d'Histoire des Sciences 5 (1948) pp. 139-164 
[1950. 1]: Les deux trades sur [Astrolabe de Nieephorc Gregoras. Ill' Congres National des 
Sciences. Bruxelles. 1950. Vol. 1. Section 1. Histoire des Sciences p. 25 f, ( = p. 107f.) 

[1950.2]: Pierre Forcodel Iraducteur d'Aulolycus Archives Internationales d'Histoire des 
Sciences 10 (1950) pp. 114-128 

[1951]: La division scion Pappus d'Alexandric. Academic roy. dc Belgique. Bull, de la Classe 
des Lettres... 5' ser.. t. 37 (1951) pp. 16-23 

[1956]: L'Introduction a [Aimageste. Academie Royale de Belgique. Classe des Lettres... 
Memories 51.2 (1956) 

[1962]: Une scolie inedite du Vat.gr. 1594 sur les rapports entre Tastronomie arabe et Byzance. 
Osiris 14 (1962) pp. 19S-221 

[1969]: Les scolies astronomiques du Vat. gr. 1291. Bulletin de [Institut Historique Beige de 
Rome 40 (1969) pp. 69-91 
Mollweide. Carl 

[1805]: Mappirungskunst des Claudius Ptolemaeus. ein Beytrag zur Geschichte der Landkartcn. 
Zach. Monad. Corr. II (1805) pp. 319-340. pp. 504-514. 12 (1805) pp. 13-22 
[1806]: Bevveis, dass die Bonne'sche Entwerfungsart die Lander ihrem Fliicheninhalle auf der 
Kugelflache gemiiss darstellL Zach. Monad. Corr. 13 (1S06) pp. 144-152 

[1813]: Erliiuterung einer in den Scriploribus rei agrariae pag. 176 u. 177. edit. Goesii. gefundenen 
VorschrifL aus drey beobachteten ungieichen Schattenlangen die Mittagslinie zu finden. Zach. 
Monatl. Corr. 28 (1813) pp. 396-425 

Mommsen. Chron.: Th. Mommsen. Die romische Chronologie bis auf Caesar. Zweite Aufl. Berlin. 
Wcidmann. 1S59 

Mon. Germ. Hist.. Chron. Min.: see Monumenta 
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Montucla. Hist, math.: .1. F. Montucla. Histoire des mathematiqties. Nouvelle edition. Paris [1799]- 
1S02. 4 vois. [1st ed. in 2 vols. Paris 1758] 

Monumenta: Monumenta Germaniae historica. Auctores antiquissimi 13: Chronica minora sa.ec IV. 
V. VI. VII. vol. 3. Berlin, Weidmann. 1898 

Morgan. Catal.: J.de .Morgan, U. BourianL G Legrain. G. Jequier. A. Barsanti, Catalogue des 
Monuments et Inscriptions de l'Egypte antique. Ser. 1.1. 1: De la frontiere de Nubiea Kom Ombos. 
Vienne 1S94 

Moulton. Cel. Mech.: Forest Ray Moulton. An Introduction to Celestial Mechanics. 2nd ed.. Neu York 
1914 

MSS: manuscripts 

Muller. Ptol. Geogr.: Carolus Miillerus. Claudii Ptolemaei Geographia. Vol. 1. pars 11. Paris Didot. 
1901 

Mullach. Fragm: see Chalcidius 

Mzik. Ptol. Erdkunde: Des Klattdios Ptolemaios Einfiihrung in die darstellende Erdkunde. Tell 1. 

Ubers. u. Erlauter. v. Hans v. Mzik. Wien 1938 [=K!otho. vol. 5] 

Nallino. Carlo Alfonso 

Ball.: Al-Battani sive Albatenii. Opus astronomicum. ed. Carolo Alphonso Nallino. 3 vols Milano 
1903. 1907. 1899 ( = Pubb!icazioni del reale Osservatorio di Brera in Milano 40. 1-3) 

Scritti: Raccolla di Scritti editi e inediti. 6 vols. Roma 1939 to 1948 -. — 

Nau. F. 

Const.: Le traite sur les “constellations" ecrit- en 660. par Severe Sebokt eveque de Qer.nesrin. 
ROC 27 (1929. 1930) pp. 327-410: ROC 28 (1931) pp 85-100 

Sev. Sab.: Le traite sur [’astrolabe plane de Severe SabokL ecrit au V1F siecle d'apres des sources 
grecques. Paris. Leroux. 1899 [reprinted front J. As. (9) 13 (1899) pp. 56-101. pp. 238-303] 

[1910]: La cosmographie au VIP siecle chez les Syriens ROC 15 (1910) pp. 225-254 
Nechepso: sec Riess [1891] 

Needham. SCC: Joseph Needham. Science and Civilisation in China. 4+ vols. Cambridge I.'niv. 
Press. 1954 ff. 

Nelson [1970]: C. A. Nelson, Astronomical Table. Bull, of the Amer. Soc. of Papyrologisls "(1970) 
pp. 35-37 

Neue Jahrb.: Neue Jahrbtichcr liir das klassische Altertum. Geschichtc und deutsche Literatur. 
[Each volume- has also a second title page, not only adding to the above title “und fur Padagogik" 
but also counting the volumes differently] 

Neugebauer. O. 

ACT: Astronomical Cuneiform Texts. 3 vols.. London. Lund Humphries. 1955 
Ex. Sci.: The Exact Sciences in Antiquity. 2nd ed.. Providence, Brown University Press. 1957 
[also Dover 1969]. Italian translation: Le science esatte nell'Antichila. Milano. Feltrinelii 1974 
MKT: Mathematische Keilschrifttextc. QS A3 (3 vols.) 1935. 1937 

Vork: Vorlesungen iiber Geschichle der antiken mathematischen Wissenschaften. I. Vorgriechisclte 
Mathematik. Berlin. Springer. 1934 [2nd ed. 1969] 

[1927]: Zur Entstehung des Sexagesimalsystems. Abb. d. Gesellsch. d. Wissenschaften zu Got¬ 
tingen Math.-phys. Kk, N.F. 13. 1 (1927) 

[1929]: Zur Frage der astronomischen Fixierung der babylonischen Chronologie. OLZ 32 (1929) 
col. 913-921 

[1933]: Zur Transkription mathematischer und astronom'ischer Keilschrifttexte. AfO S (1933) 
pp. 221-223 

[1936. 1]: Uber einc Untersuchungsmethodc astronomischer Keilschrifttexte. ZDMG 93 (1936) 
pp. 121-134 

[1936.2] : Jahreszeilen und Tagesliingen in der babylonischen Aslronomie. Osiris 2 (1936) 
pp. 517-550 

[1937. 1]: Untersuchungen zur antiken Astronomie I. QS Abt B 4 (1937) pp. 29-33 

[1937.2] : L’mersuchungen zur antiken Aslronomie II. Datierung und Rekonstruknon von 
Texten des Systems II der Mondtheorie. QS Abt. B 4 (1937) pp. 34-91 

[1937.3] : Untersuchungen zur antiken Astronomie III. Die babylonische Theorie der Breiten- 
bewegung des Mondes. QS Abt. B 4 (1937) pp. 193-346 

[1938. 1]: Untersuchungen zur antiken Astronomie V. Der Halleysche "Saros" und andere Er- 
ganzungen zu UAA III. QS Abt. B 4 (1938) pp. 407-411 
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[1938.2] : Uber einc Methode zur Distanzbestimmung Alexandria-Rom bei Heron. Kgl. Danske 
Vidensk. selsk.. Hist.-filol. Medd. 26. 2 (1938): continued in the same volume 26.7 (1939) 

[1939]: Die BedeuUingslosigkeit der “Sothisperiode" fur die alleste iigyptische Chronologie. 
Acta Orientalia 17 (1939) pp. 169-195 

[1941. 1]: On a Special Use of the Sign “Zero'' in Cuneiform Astronomical Texts. JAOS 61 (1941) 
pp. 213-215 

[1941.2] : Cleomedes and the Meridian of Lysimachia. AJP 62 (1941) pp. 344-347 

[1942.1] : Egyptian Planetary Texts. Trans. Amer. Philos. Soc.. N.S. 32 (1942) pp. 210-250 

[1942.2] : On some Astronomical Papyri and Related Problems of Ancient Geography. Trans. 
Amer. Philos. Soc.. N.S. 32 (1942) pp. 251-263 

[1942.3] : On two astronomical passages in Plutarch's De animae procreatione in Timaeo. AJP 
63 (1942) pp. 455-459 

[1943]: Demotic Horoscopes. JAOS 63 (1943) pp. 1 15-127 

[1945]: Magnitudes of Lunar Eclipses in Babylonian Mathematical Astronomy. Isis 36 (1945) 
pp. 10-15 

[1947. I]: A Table of Solstices from Uruk. JCS I (1947) pp. 143-148 

[1947.2]: The Water Clock in Babylonian Astronomy. Isis 37 (1947) pp. 37-43 

[1948.1] : Solstices and Equinoxes in Babylonian Astronomy during the Seleucid Period. JCS 2 
(1948) pp. 209-221 

[1948.2] : The Astronomical Origin of the Theory of Conic Sections. Proc. Amer. Philos. Soc. 92 
(1948) pp. 136-138 

[1949. 1]: Astronomical Fragments in Galen’s Treatise on Seven-Month Children. RSO 24 (1949) 
pp, 92-94 

[1949.2] : The Early History of the Astrolabe. Isis 40 (1949) pp. 240-256 

[1949.3] : The Astronomical Treatise P. Ryl. 24. K.gl. Danske Vidensk. Selsk.. Hist.-filol. Medd. 
32.2 (1949) 

[1950]: The Alleged Babylonian Discovery of the Precession of the Equinoxes. JAOS 70 (1950) 
PP- 1-8 

[1951]: The Babylonian Method for the Computation of the Last Visibility of Mercury. Proc. 
Amer. Philos. Soc.. 95 (1951) pp. 110-116 

[1952]: Tamil Astronomy, a Study in the History of Astronomy in India. Osiris 10 (1952) pp. 252- 
276 

[1953. I]: The Rising Times in Babylonian Astronomy. JCS 7 (1953) pp. 100-102 

[1953.2]: On the "Hippopede” of Eudoxus. Scripta Mathematica 19 (1953) pp.225-229 

[1954.1] : Babylonian Planetary Theory. Proc. Amer. Philos. Soc. 98 (1954) pp. 60-89 

[1954.2] : The Chronology of Vellius Valcns' Anthologiae. Harvard Theological Review 47 
(1954) pp. 65-67 

[1955]: Rev. of L. Renou-J. FilliozaL Manuel des etudes indiennes II. Archives internationales 
d’histoire des sciences 8 No. 31 (1955) pp. 166-173 

[1956. 1]: Notes on Hipparchus. The Aegean and the Near East. Studies presented to Hetty 
Goldman. J. .1. Augustin. Locust Valley. New York. 1956. pp. 292-296 

[1956.2] : An Astronomical Almanac for the Year 348/9. Danske Vid. Selsk., Hist.-Filos. Medd. 
36,4 (1956) 

[1957. 1]: “Saros" and Lunar Velocity in Babylonian Astronomy. Danske Videnskabcrnes 
Selskab. Mat.-fys. Meddelelser. 31 No. 4 (1957) 

[1957. 2]: A Greek Planetary Table. Chroniquc d'Egypte 32 (1957) pp.269-272 

[I95S. I]: The Astronomical Tables P. Lond. 1278. Osiris 13 (195S) pp. 93-113 

[195S. 2]: On a Fragment or Heliodorus (?) on Planetary Motion. Sudhorfs Archiv fur Geschichle 

der Medizin und der Naturwissenschaften 42 (I95S) pp. 237-244 

[1959. 1]: Ptolemy's Geography. Book VII. Chapters 6 and 7. Isis 50 (1959) pp. 22-29 

[1959.2] : Regula Philippi Arrhidaei. Isis 50 (1959) p.477f. 

[1959.3] : The Equivalence of Eccentric and Epicyclic Motion According to Apollonius. Scripta 
Mathematica 24 (1959) pp. 5-21 

[1960. 1]: Studies in Byzantine Astronomical Terminology. Trans. Amer. Philos. Soc. N.S. 50.2 
(1960) ' 

[1960.2]: A New Greek Astronomical Table (P. Heid. Inv. 4144 + P. Mich. 151). Danske Vid. 
Selsk.. Hist.-Filos. Medd. 39. 1 (1960) 
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Neugchauer, O. (continued! 

[1962, 1]: Astronomical Papyri and Ostraca: Bibliographical Notes. Proc. Amer. Philos. Soc. 106 
(1962) pp. 383-391 

[1962.2] : Thabit ben Qurra "On the Solar Year" and "On the Motion of the Eighth Sphere." 
Proc. Amer. Philos. Soc. 106 (1962) pp. 264-299 

[1962.3] : Ober griechische Wetteraeichen und Schattentafeln. Institut fur Osterr. Geschichts- 
forschung Pap. Graec. Nr. 1, Osterr. Akad. d. Wissenschaflen. philos.-hisL Kl. SB 240.2 (1962) 
pp. 27-44 

[1963]: Decent tulerunt fastidia menses. AJP S4 (1963) p. 64f. 

[1964]: Notes on Ethiopic Astronomy. Orientalia 33 (1964) pp. 49-71 
[1968. 1]: Three Copernican Tables. Centaurus 12 (1968) pp.97-106 

[1968. 2]: On the Planetary Theory of Copernicus. Vistas in Astronomy 10 (1968) pp. 89-103 
[1968. 3]: The Origin of "System B” of Babylonian Astronomy. Centaurus 12 (1968) pp. 209-214 
[1969]: Commentary on the Astronomical Treatise Par.gr. 2425. Academie royale de Belgique. 
Classe des Lettres. Memories 59.4 (1969) 

[1971]: On a Fragment from a Planetary Table. Zeitschr. fur Papyrologie u. Epiuraphik 7 (1971) 
pp. 267-274 

[1972.1] : On Some Aspects of Early Greek Astronomy. Proc. Amer. Philos. Soc. 116 (19721 
pp. 243-251 

[1972.2] : Planetary Motion in P. Mich. 149. Bulletin of the American Society of Papyrologists 9 
(1972) pp. 19-22 

[1972. 3]: The Date of the Planetary Tables Bodleian MS. Gr. Class. F 7 (P). Chronique d'Ecvpte 
93 (1972) pp. 224-226 

[1972.4] : On the Allegedly Heliocentric Theory of Venus by Hcraclides Ponticus. AJP 93 (1972) 

p.6oor. 

[1974]: A Table for Positions of Jupiter (Ostr. Tail II 2177). Chronique d'ltgypte 97 (1974) pp. 128 f. 
[1975]: A Greek World Map. Hommages a Claire Preaux. Universile Libre de Bruxelles. 1975 
Neugchauer: see also al-Klnviirizmi. Tables 
Neugebauer. O.-Parker. Richard A. 

EAT: Egyptian Astronomical Texts. 3 vols.. Brown University Press, Providence 1960. 1964. 
1969 

[1968]: Two Demotic Horoscopes. JEA 54 (1968) pp. 231-235 
Neugebauer-Pingree [1967]: O. Neugebauer-D. Pingree. The Astronomical Tables of Mtihadeva. 

Proc. Amer. Philos. Soc. 111 (1967) pp. 69-92 
Neugebauer-Pingree. Varaham. Pc.-Sk.: see Varahamihira 
Neugebauer. O.-Sachs. A. 

MCT: Mathematical Cuneiform Texts. New Haven 1945 ( = American Oriental Series 29) 
[1952]: The “Dodekatemoria" in Babylonian Astrology. APO 16 (1952/53) p. 65f. 

[1967/1969]: Some Atypical Astronomical Cuneiform Texts 1. JCS 21 (1967) pp. 183-218: II. JCS 
22 (1969) pp. 92-113 

Neugebauer-Schmidt [1952]: O. Neugcbauer-O. Schmidt. Hindu Astronomy at Newminster in 1428. 

Annals of Science 8 (1952) pp. 221-228 
Neugebauer. O.-Van Hoesen, H. B. 

Gr. Hor.: Greek Horoscopes. Philadelphia 1959 (= Memories of the American Philosophical 
Society 48) 

[1964]: Astrological Papyri and Ostraca: Bibliographical Notes. Proc. Amer. Philos. Soc. 10S 
(1964) pp. 57-72 

Neugebauer-Volten [1938]: O. Neugebauer-A. Volten. Ein demotischer astronomischer Papyrus 
(Pap. Carlsberg 9). QS B 4 (1938fpp. 383-406 
Neugebauer. Paul Victor 

Astr. Chron.: Astronomische Chronologie (2 vols.3 I. Text; II. TaTeln, Berlin-Leipzig. De Gruyter. 
1929 

Gen. Tafeln: Genaherte Tafeln fur Sonne und Planeten. Astronomische Nachrichten 248 (1932) 
No. 5937 col. 161-184 

Hilfstafeln: Hilfstafein zur astronomischen Chronologie. Astronomische Nachrichten 261 (1936- 
1937). No. 6250 col. 153-194: No. 6261 col. 377-426; No. 6264 col. 361-520, and Astr. Nachr. 267 
(1938) No. 6397 col. 217/218 






Bibliographical Abbreviations 


1189 


Kanon d. Mondf.: Spezieller Kanon der Mondfinstemisse fur Vorderasien und Agypten von 
3450 bis 1 v. Chr. Astronomische Abhandlungen. Ergiinzungshefte zu den Astronomischen Nuch- 
richten Bd. 9. Nr. 2 (1934) 

Kanon d. Sonnenf.: Spezieller Kanon der Sonnenfinsternisse fiir Vorderasien und Agypten fur 
die Zeit von 900 v. Chr. bis 4200 v. Chr. Astronomische Abhandlungen. Ergiinzungshefte zu den 
Astronomischen Nachrichten Bd. 8. Nr. 4 (1931) 

Tafeln: Tafeln zur astronomischen Chronologic: 1. Sterntafeln von 4000 v. Chr. bis zur Gegen- 
uart: 11. Tafeln fiir Sonne. Planeten und Mond: III. Hilfstafeln zur Berechnung von Himmels- 
erscheinungen. Leipzig. Hinrichs. 1912, 1914. 1922 

[1932]: Geniiherte Tafeln fur Sonne und Planeten. A.N. 24S (1932) No. 5937 col. 161-184 
[1938. 1]: Tafeln zur Berechnung der jiihrlichen Auf- und LIntcrgiinge der Planeten zwischen 
Aquator und 40° nordlicher und siidlicher Breite. Astronomische Nachrichten 264 (1938) No. 6331 
col. 313-322 

[1938.2]: Review of Kugler, Sternk. Erg. 3. Vicrtcljahrsschrift der Astronomischen Gesellschafl 
73 (1938) pp. 14-18 

Neugebauer, P.V.: see also Schoch. Schriften 

Ncugebauer-Weidner [1915]: P. V. Ncugcbauer-E. F. Weidncr. Ein astronomischer Beobachtungs- 
text aus dem 37. Jahre Nebukadnezars II. ( — 567/66). Berichte iiher die Verhandlungen der 
Siichsischen Cres. d. Wiss. zu Leipzig. Philol.-hisl Kl. 67.2 (1915! pp. 29-89 
Newcomb [1879]: Simon Newcomb. On the recurrence of solar eclipses with tables of eclipses from 
B.C. 700 to A.D. 2300. Astronomical Papers prepared for the use of the American Ephemeris and 
Nautical Almanac, vol. 1 (Washington 1882) pp. 1-55 
Newton. Corresp.: The Correspondence of Isaac Newton, ed. by H. W. Turnbull [com. by] J.F. 

Scott. Cambridge Univ. Press 1959ff. 

NH: see Plinins 

Nicephoros Gregoras: see Guilland. Corresp. 

Nllakanta Sastri, CHI II: K. A. Nilakanta Sastri. ed.. A. Comprehensive History of India. Vol. 11. The 
Maury ns and Satavahanas. 325 B.C.-A.D. 300. Orient Longmans. Bombay-Calcutta-Madras 1957 
Nissen [1903]: H. Nissen, Die Erdmessung des Eratosthenes. Rheinisches Museum N.F. 58 (1903) 
pp. 231-245 ' 

Nokk [1850]: see Euclid 

Nolhac [1887]: Pierre tie Nolhac. La bibliotheque do Fulvio Orsini. Bibliotheque de I'Ecole des 
Hautes Etudes. Sciences philologiques et historiques 74 (1887) 

Not. et Extr.: Notices et Extraits des Manuscrits de la Bibliotheque imperialc et autres bibliotheques 
OLZ: Orientalistische Literaturzeitung 
Olympiodorus: see Heliodorus 

Omont. BN: Henri OmonL Invenlaire sommaire des manuscrits grecs de la Bibliotheque Nationale.... 
4 vols. Paris 1898 

Oppolzer. Canon: Th. v. Oppolzer. Canon der Finstcrnisse. Math.-Naturwiss. Cl. cl. ...Akad. d. Wiss.. 
Denkschriftcn 52. Wien 1887 

P. Hibeh: Grenfell-HunL The Hibeh Papyri. Part I. London 1906 

P. Rylands: Catalogue of the Greek (and Latin) Papyri in the John Rylands Library Manchester, ed. 

Arthur S. Hunt "(etah). Manchester Univ. Press. 1911 IT. 

Pachymeres. Quadr.: P. Tannery. Quadrivium de Georges Pachymere. Studi e Testi 94. Citta del 
Vaticano 1940 

Pack. Texts' 21 : Roger A. Pack. The Greek and Latin Literary Texts from Greco-Roman Egypt + 
Concordance. 2nd ed.. Ann Arhor. Univ. of Michigan Press. 1965+ Bull. Amer. Soc. of Papyrolo- 
gists 3 (1966) pp. 95-1 IS 

Palladius. Agric.: Palladii Rutilii Tauri Aemiliani... Opus agriculturae, ed. J. C. Schmitt. Leipzig. 
Teubner. 1898 

Panca Siddhantika: see Varahamihira 
Pannekoek. A. 

HA: A History of Astronomy. Intcrscience. New Fork 1961 [Dutch original 1951] 

[1916] Calculation of dates in the Babylonian tables of planets. Koninkl. Akad. van Wetenschappen 
te Amsterdam- Proceedings 19 (1916) pp. 684-703 

[1952]: The Astronomical System of Hcrakleides. Koninkl. Nederlandse Akademie van Weten¬ 
schappen. Proc., Ser. B. 55 (19521 pp. 373-381 
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Panofsky, Suger: Erwin Panofsky, Abbot Suger on the Abbey Church of St. Denis and its An Treasures. 
Princeton Univ. Press, 1946. Reprinted in the author's “Meaning in the Visual Arts" (Doubleday, 
New York. 1955) pp. 108-145 

Pap, Osl Ill: Papyri Osloenses, fasc. III. ed. S. Eitrem-Leiv Amundsen. Oslo 1936 
Pappus, Coll.: Pappi Alexandrini Collectionis quae supersunl ... ed. F. Hultsch. 3voIs. Berlin 
1876-1878 

French trsl.: Paul Ver Eecke. Pappus d'Alexandrie. La collection mathematique. 2 vols Paris- 
Bruges 1933 

Pappus. Comm.: see Rome, CA 
Parker. Richard A. 

Calendars: The Calendars of Ancient Egypt. Univ. of Chicago Press. 1950 [ = Oriental Inst of the 
Univ. of Chicago. Studies in Anc. Civilization 26] 

Vienna Pap.: A Vienna Demotic Papyrus on Eclipse- and Lunar-Omina. Providence Brown 
Univ. Press. 1959 

[1962]: Two Demotic Astronomical Papyri in the Carlsberg Collection. Acta Orientalia 26 
(1962) pp. 143-147 

Parker-Dubberstein. BC: Richard A. Parker-Wnldo H. Dubberstein. Babylonian Chronology 626 
B.C.-A.D. 75. Providence. Brown Univ. Press. 1956 
Patrol. Or.: Patrologia Orientalis. Paris 1907ff. 

Paulus Alex.. Apot.: Pauli Alexandrini elenienta apotelesmatica. ed. E. Boer. Leipzig. Teubner. 1958 
Pc.-Sk.: see Varahamihira, Paficasiddhantika 

Peters-Knobel. Ptol. Cat.: Christian Heinrich Friedrich Petcrs-Edward Ball Knobel. Ptolemy’s 
Catalogue of Stars. Carnegie Institution of Washington 1915 (Publication No. 86) 

Petersen [1966]: Viggo M. Petersen, A comment on a comment by Manitius. Centaurus 11 11966) 
pp. 306-309 

Petosiris: see Riess [1891] 

Petri [1964]: Winfried Fetri, Auunija Schirakazi. ein armenischer Kosmograp'n des 7. Jahrhunderts. 
ZDMG 114 (1964) pp. 269-288 

Pelrides [1904]: S Petrides. Spoudaei et Philopones Echos d'Orient 7 (1904) pp. 341-348 
Peurbach: see Regiomontanus. Epitoma 

Pfeiffer. Slerngl.: Erwin Pfeiffer, Studien zum anliken Sternglauben. Teubner. Leipzig 1916 
(== Stoicheia 2) 

Philos. Trans.: Philosophical Transactions of the Royal Society, London 

Picatrix: “Picatrix." Das Ziel des Weisen, von Pseudo-Magriti. Transl. into German from the Arabic 
by Hellmut Ritter and Martin Plessner. London. The Warburg Institute, 1962 ( = Studies of the 
Warburg Institute 27) 

Pillai. Ephemeris: L. D. Swamikannu Pillai. An Indian Ephemeris A.D. 700 to A.D. 1799 showing 
the daily solar and lunar reckoning ... also the ending moments of Tithis and Nukshatras. and the 
years in different eras, A.D., Hijra, Saka. Vikrama. Kaliyuga. Kollam. etc. ... 6 vols. Madras 1922 
Pinches-Sachs. LBAT: T. G, Pinches-J. N. Strassmaier-A. J. Sachs. Late Babylonian Astronomical 
and Related Texts. Providence, Brown Univ. Press. 1955 
Pines [1963]: S. Pines, Un fragment dc Seleucus de Seleucie conserve en version arabe. Revue 
d'Histoire des Sciences 16 (1963) pp. 193-209 
Pingree. David 

SATUS: Sanskrit Astronomical Tables in the United States. Trans. Amer. Philos. Soc_ N.S. 58.3 
(1968) 

Thousands: The Thousands of Abu Ma'shar. Studies of the Warburg Institute 30, London 1968 
[1959. 1]: The Empires of Rudradaman and Yasodharman: Evidence from Two Astrological 
Geographies. JAOS 79 (1959) pp. 267-270 

[1959.2] : A Greek Linear Planetary Text in India. JAOS 79 (1959) pp. 282-284 
[1962]: Historical Horoscopes. JAOS 82 (1962) pp.487-502 

[1963. 1]: Astronomy and Astrology in India and Iran. Isis 54 (1963) pp. 229-246 

[1963.2] : The Indian Iconography of the Decans and Horas. J. of the Warburg and Courtauld 
Institutes 26 (1963) pp. 223-254 

[1964]: Gregory Chioniades and Palaeologan Astronomy. Dumbarton Oaks Papers IS (1964) 
pp. 135-160 

[1968. 1]: The Fragments of the Works of Ya'qub ibn Tariq. JNES 27 (1968) pp. 97-125 
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[1968.2] : review of De Falco-Krause-Neugebauer. Hypsikles. Gnomon 40 (1968) pp. 13-17 

[1968.3] : review of Gundel. Astrologumena. Gnomon 40 (196S) pp. 276-280 
[1969]: The Later Paulisasiddhanla. Centaurus 14 (1969) pp. 172-241 

[1970]: On the Classification of Indian Planetary Tables. J. History of Astronomy 1 (1970) 
pp. 95-108 

[1971]: The Astrological School of John Abramius. Dumbarton Oaks Papers 25 (1971) pp. 
189-215 

[1973]: The Greek Influence on Early Islamic Mathematical Astronomy. JAOS 93 (1973) pp. 32-43 
Pliny. Nat.Hist.: 

Plinius. Naturalis historia. ed. Jan-MayhofT. 5 vols. Leipzig. Teubner. 1897-1933 
English trsl.: Pliny. Natural History, trsl. H. Raekham et al. 10 vols. Loeb Class. Lihr.. 1938-1962 
French trsl.: Pline I'ancien. Histoire naiurelle. trsl. E. Ernout et al. 37 vois. Coll. Bude. Paris. 
1950 ff. 

Pluta rch 

De facie: De facie quae in orbe lunae apparel 

Greek text and English trsl.: H. Cherniss. Plutarch. Concerning the Face which Appears in the 
Orb of the Moon. Loeb Class. Libr.. Plutarch's Moralia XII (1957) pp, 1-223 
De 1 side et Os.: De Iside et Osiride 

Greek text and English trsl.: F.C. Babbitt, Plutarch. Isis and Osiris. Loeb Class. Libr.. Plutarch's 
Moralia V (1962) pp. 1-191 

Greek text. English trsl. and commentary: J.Gwyn Griffiths. Plutarch's De Iside et Osiride.'.Univ. 
of Wales Press. 1970 . . ‘ . :S*. 

Partial Greek text. German trsl. and commentary: Theodor Hopfner. Plutarch. Uber Isis und 
Osiris. 2 vols.. Prag 1940/41 (Monographien des Archiv Orientalni) [Reprinted. Darmstadt 1967] 
Pogo. Alexandre 

[1931], Carl Schoeh (1873-1929). Isis 15 (1931) pp. 163-169 

[1932]: review of Leopold de Saussure. Les origincs de I'astronomie chinoise. Paris 1930. Isis 17 
(1932) pp. 267-271 ” ...a;;. 

Polaschek. Ptol. Geogr.: Erich Polaschek. Art. Klaudius Ptolemaios. Das geographische Werk. RE 
Suppl. 10 (1965) col. 680-833 ...i. 

Porter-Moss: Bertha Porter-Rosalind L. B. Moss. Topographical Bibliography of Ancient Egyptian 
Hieroglyphic Texts. Reliefs, and Paintings. 7 vols. Oxford. Clarendon Press. 192711 
Posidonius: 1. The Fragments, edited by L. Edclstein and I. G. Kidd. Cambridge University Press 1972 
Prell [1959]: Heinrich Prell. Die Vorslellungen des Altertums von der Erdumfangslange. Abh. d. 

Siichsischen Akad. d. Wisscnschaftcn zu Leipzig. Math-naturwiss. Kl. 46 (1959) Heft 1 
Preisendanz. PGM: Karl Preisendanz. Papyri Graccae Magicae. Die griechischen Zauberpapyri. 

First ed. in 2 vols. Leipzig. Teubner. 1928-1931 
Price. Derek J. 

Equatorie: The Equatorie of the Planetis. Cambridge Univ. Press 1955 

[1955]: An International Checklist of Astrolabes. Archives Inteoiationales d'Histoire des Sciences 
Nos. 32/33 (1955) pp. 243-38) 

[1959]: An Ancient Greek Computer. Scientific American. June 1959, pp. 60-67 

[1969]: Portable Sundials in Antiquity, including a New Example from Aphrodisias. Centaurus 

14 (1969) pp. 242-266 

[1974]: Gears from the Greeks. The Antikythera Mechanism — a Calendar Computer front ca. 
80 B.C. Trans. Am. Philos. Soc.. N.S. 64 (1974) Part 7 
Pritchett Ch. M.: W. Kendrick Pritchett The Choiseul Marble. Univ. of California Publ.: Classical 
Studies 5 (1970) 

Prilchett-van der Waerden [1961]: W. Kendrick Pritchett-B. L. van der Waerdcn. Thucydidean 
Time-reckoning and Euctemon's Seasonal Calendar. BCH 85 (1961) pp. 17-52 
Proclus 

Comm. Euclid.: ed. Friedlein. Procli Diadochi in prinium Euclidis Elementcrum librum Com- 
mentarii. Rec. Godfr. Friedlein. Leipzig. Teubner. 1873 

English trsl.: Morrow. Proclus. a Commentary on the First Book of Euclid's Elements Princeton 
Univ. Press 1970 

French trsl.: Ver Eecke. Proclus de Lycie. Les Commentaires sur le premiere livre des Elements 
d'Euclide. Bruges 1948 
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Proclus (continued) 

German trsl.: Leander Schonberger-Max Steck. Kommentar zum ersten Buch von Euklids 
“ Elementen," Halle 1945 

Comm. Rep.: ed. Kroll. Procli Diadochi in Platonis Rem publicam Commentarii. 2 vols. Leipzig, 
Teubner. 1899, 1901 

trsl. Festugiere: Proclus, Commentaire sur la Republique. Trad, el notes par A. J. Festugiere. 
3 vols. Paris, Vrin, 1970 

Comm. Tim.: Procli Diadochi in Platonis Timaeum commentaria. ed. E. Diehl. 3 vols. Leipzig, 
Teubner. 1903-1906 

French trsl.: A. J. Festugiere, Paris. Vrin, 19661T. 

Hypotyp.: Procli Diadochi Hypotyposis astronomicarum positionum. ed. Carl Manitius (with 
German trsl.). Leipzig. Teubner, 1909 
Greek text and French trsl.: Halma. Hypoth.. pp. 65-152 
Prowe. Coppern.: Leopold Prowe. Nicolaus Coppernicus. Berlin, Wcidmann. 1.1 Das Leben. 1473- 
1512 (1883), 1.2 Das Leben. 1512-1543 (1883). II. Urkundcn (1884) 

Psellus. Omn. doctr.: Michael Psellus. De omnilaria doctrina. ed. L. G. Westerink. Utrecht 1948 
P S.I : Pubblicazioni della Sociela Italiana per la recerca dei papiri greci e latini in Egitto 
Ptolemy (Claudius Ptolemaios) 

Aim.: Almagest. Greek text: Opera vol. l: cf. also Opera vol. II pp. XV1II-CXLIX 

German trsl.: Ptolemaus. Handbuch der Astronomie. trsl. K.. Manitius. 2 vols. Leipzig. Teubner. 

1912. 1913: reprinted 1963 

French trsl. (and Greek text): Composition Mathematique de Claude Ptoleniee. trad. Halma. 
2 vols. Paris 1S13. 1816: reprinted 1927 

English trsl.: The Almagest by Ptolemy, trsl. R. C, Taliaferro. Great Books of the Western World, 
vol. 16. pp. 1-478. Chicago 1952 

Anal.: Analemma. Opera vol. II. pp. 187-223: cf also p. XI f.. p. CLXXIX 

Geogr.: Claudii Plolemaei Geographia. ed. C.F. A. Nobbe, 3 vols. Leipzig 1843-1845. reprinted 

189S~and 1966 

German trsl. of Book I: See Mzik, Ptol. Erdkunde 

Claudii Ptolemaei Geographiae Codex Urbinas Graecus 82. ed. Jos. Fischer. S.J. [I. 1]: Tomus 
prodromus. Pars prior: Commenlatio. [1. 2]: Tomus prodromus. Pars altera: Tabulae geographicae. 
[II. I]: Pars prior: Textus. [II. 2]: Pars altera: Tabulae geographicae. Brill. Leyden-Harrassowitz, 
Leipzig 1932 [ = Codices e Vaticanis seiecti 19] 

Harmonics: see During, Harm. 

H.T.: Handy Tables 

Introduction to the H.T.: Prolemy. Opera vol. II. pp. 157-185: cf also p. XL pp.CLXXV- 

CLXXIX. pp CXC-CCIII 

French trsl.: Halma. H.T. I. pp. 1-26 

Tables: see Halma. H.T. (Greek text and French trsl.) 

Inscr. Can.: lnscriptio Canobi. Opera vol. II pp. 147-155; cf. also p. X. p. CLXXV 

Greek text and French trsl.: Halma. Hypoth.. pp. 57-62 

Opera: Claudii Ptolemaei opera quae extant omnia. Leipzig, Teubner. 

Vol. 1: Syntaxis mathematica. ed. J. L. Heiberg. 2 parts, 1898 and 1903 respectively 
Vol. II. Opera aslronomica minora, cd. J. L. Heiberg, 1907 

Vol. III. 1. Apotelesmatika. ed. F. Boll-Ae. Boer. 1940. reprinted 1954. Index: in vol. III. 2. ed. of 
1952. pp. 70-120 

Vol. III. 2. Peri kriteriou kai hegemonikou. ed. Fr. Lammert. Karpos, ed. Ae. Boer, 1952 (with 
indexes, including index to vol. III. 1): 2nd ed. 1961 (omitting index to vol. III. 1) 

Optics: see Lejeune 

Phas.: Planetary Phases. Opera vol. II. pp. 1-67: cf. also pp. Ill—V, pp. CL-CLXV 

Plan. Hyp.: Opera vol. II. pp. 69-145 and Goldstein [1967]; cf. also Opera 11. pp. VI-X, p. XVI f„ 

pp. CLXVJ-CLXXIV; cf. also Batnbridge, Ptol., Hyp. Plan. 

Greek text and French trsl.: Halma. Hypoth.. pp. 41-56 

Planisph.: Planisphaerium. Opera vol. 11. p. 225-259: cf. also p. XII f.. pp. CLXXX-CLXXXIX 
Tetrab.: Tetrabiblos. Greek text: Opera vol. III. 1 

Greek text and English trsl.: Ptolemy. Tetrabiblos. ed. and trsl. by F. E. Robbins Loeb Class. 
Libr. 1940 (by mistake bound with Manetho. the historian) 
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QS: Quellen u. Studien z. Geschichte d. Mathematik ... (Series A and B respectively) 

Ranke. PN: Hermann Ranke. Early Babylonian Personal Names. Philadelphia. 1905 [ = The Baby¬ 
lonian Expedition of the University of Pennsylvania, Ser. D. vol. 3] 

RE: Pauly Wissowa. Realencyclopadie der classischen Alterlumsvvissenschaft 
Rec. trav.: Recueil de travaux relatifs a la philologic et a I'archeologie egyptiennes et assyriennes 
Regiomontanus. Epitoma in Almag.: Cl. Ptolemei alexandrini Astronomorum principis i: (sic) 
fir.yx/.iv uirtKir id es! in Magnam Constructionem Georgii purbachii eiusque discipuli Johannis 
de Regio monte Astronomicon Epitoma. Venetiis 1496 
Rehni. Albert 

Parap.: Parapegmastudien. Mil eineni Anhang Euktemon und das Buch De signis. Abhandlungen 
d. Bayerischen Akad. d. Wissensch., Philos.-histor. Abt.. NF 19 (1941) 

RE Ep.: Art "Episemasiai". RE Suppl. 7 col. 175-198 

RE Kykloi: Art. “Kvkloi" RE 11.2 col. 2321-2328 

RE Par.: Art. "Parupegma." RE 1S.4 col, 1295-1366 

[1S99]: Zu Hipparch und Eratosthenes. Hermes 34 (1899) pp.251-279 

[1903]: O. Benndorf-E. Weiss-A. Rehm. Zur Salzburger Bronzescheibe mil Sternbildern. Jahres- 
liefte des dsterreichischen archaologischcn Institutes in Wien 6 (1903) pp. 32-49 
[1904]: Weiteres zu den milesischen Parapegmen. Sitzungsber. d. konigl. Preuss. Akad. d. Wis¬ 
sensch. philos.-histor. Cl, 23 (1904) pp. 752-759 (cf. also Diels-Rehm [1904] and Dessau [1904]l 
[1913]: Griechiscbe Kalcnder (herausg. von Franz Boll). 111. Das Parapegma des Euktemon. S.B, 
Heidelberger Akad, d. Wiss. 1913, Abb. 3 

[1916]: Griechische Windrosen. S.B. d, Konigl. Bayer. Akad. d. Wisscnschaflen. Philos.-philol. u. 
hist. Klasse 1916. Abh.3 

[1927]: Dcr romische Bauernkalender und der Kalcnder Caesars. Epitymbion Heinrich Swbboda 
dargebracht. Reichenberg 1927. pp. 214-228 

[1940]: see Rehm. Parap. •-*»' 

Reinhardt Pos.: Karl Reinhardt Poscidonios. Munchen. Beck. 1921 

Reiskc [1787]: J.J.Reiske. Note*) s.v. Faludbi [cited in extenso in Blittmann (1810) p. 484f] in 
Herbelot Or. Bibl- vol. 2 (1787) p. 375. [Written before I“74 (cf. Flick. Arab. Stud. pp. 108-124 
and p. 99 f.)] 

Remigius of Auxerre: Remigii Autissiodorensis Commcntunt in Martianutn Capellant. ed. Cora E. 

Lutz. 2 vols. Leiden. Brill. 1962. 1965 
Renaud. H. P, J. 

[1932]: Additions et Corrections a Sutcr “Die Mathematiker und Astranomen der Araber." 
Isis 18 (1932) pp. 166-183 

[1947]: L'origine du mot “Almanach." Isis 37 (1947) pp. 44-46 
Renaud: see also Ibn al-Bannit 

Renou. Gcogr. Pto!.: Louis Rcnou. La geographic de Ptolemee L'Inde (VII. 1 -4) Paris. Ed. Champion. 
1925 

Renou-Filiiozat L'Inde el.: Louis Renou-Jean FilliozaL L'lndc classique. rnanuel des eludes indiennes. 

vol. 1. Paris. 1947: vol. 11. 1953 * 

Revilla. Catal.: A. Revilla. Catalogo de los Codices Griegos de la Biblioteca de El Escorial I. Madrid 
1936 

Revol.: see Copernicus. Revol. 

Rheticus. Narr. pr.: Joachimus Georgius Rhaeticus, Narratio prima. Latin text in Copernicus. Revol.. 

ed. Thorn 1873 and in Kepler. Werke I p.88-131. English trsl. in Rosen, TCT p. 107-196 
Rhodokanakis [1906]: N. Rhodokanakis. Die athiopischen Handschriften der k. k. Hofbibliothek 
zu Wien. S.B. d. kais. Akad. d. Wissensch. in Wien. Philos.-hist. Kl. 151. IV (1906) 

Richard. Rep.: Marcel Richard. Repertoire des Bibliotheques et des Catalogues de Manuscrits Grecs. 
•Paris. Centre Nat de la Recherche ScientiCiquc. 1958. Supplement I (195S-I963) Paris. Centre 
Nat.... 1964 

[1966]: Notes sur le comput de cent-douce ans. Revue des Etudes Byzantines 24 (1966) p. 257-277 
[1974]: Lc comput pascal par octaeteris. Le Museon 87 (1974) p. 307-339 
Riess [1891]: Nechepsonis et Petosiridis fragmenta magica. ed. Ernestus Riess. Philologus. Suppl. 6 
(1891-1893) pp. 325-394 
Ritler-Plessner: see Picalrix 

Rnt: Rassam (collection of cuneiform texts in the Brit. Mus.) 
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Roberts. Victor 

[1957]: The Solar and Lunar Theory of Ibn ash-Shatir. a Pre-Copernican Copernican Model. 
Isis 48 (1957) pp. 428-432 

[1966]: The Planetary Theory' of Ibn al-Shatir: Latitudes of the Planets. Isis 57 (1966) pp. 208-219 
ROC: Revue de 1‘Orient Chretien 
Rode, A.: see Vitruvius 

Rohde, Kl. Schr.: Erwin Rohde, Kleine Schriften. 2 vols. Leipzig-Tubingen 1901 
Rom. Agrimensoren I: Die Schriften der romischen Feldmesser. Herausgeg. von F. Blume. K. Lach- 
mann und A. Rudorff Bd. I: Gromatici veteres Berlin. G. Reimer, 1848 
Rome, A. 

CA: Commentaires de Pappus et de Theon d'Alexandrie sur 1'AImagest I. Pappus d'Alexandrie. 
Commentaire sur les livres 5 et 6. II. Theon d'Alexandrie. Commenlaire sur les livres 1 et 2. 
III. Theon d'Alexandrie. Commentaire sur les livres 3 et 4. Roma. Biblioteca Apostolica Vaticana, 
Studi e Testi 72 (1936). 106 (1943). 54 (1931) 

[1923]: Le probleme de la distance entre deux villes dans la Dioptra de Heron. ASSB 42 1922- 
1923: Deuxieme partie, Memoires pp. 234-258 

[1926]: Le troisieme livre des Commentaires sur I’Almagest par Theon et Hypatie. ASSB 46 
(1926) pp, 1-14 

[1927]: L'Astrolabe et le Meteoroscope„d'apres le commentaire de Pappus sur le 5‘ livre de 
I'Almagest. ASSB. ser. A. Sci. math. 47. 1927-2. Memoires. pp. 77-102 
[1931, 1]: Sur un loi entpirique des eclipses de lune. ASSB. ser. A, 51 (193!) pp. 94-103 
[1931.2]: Sur la date d'Artemidore. ASSB. ser. A. 51 (1931) pp. 104-112 

[1933]: Premiers essais de trigonometric rectiligne chez les Grecs. L'Antiquite Classique 2 (1933) 
pp. 177-192 

[1934]: Un nouveau renseignement sur Carpus. Annuaire de 1'Institut de Philologie et d'Histoire 
Orientate 2 (1933-34) ( = Melanges Bidez) pp. 813-818 

[1937/1938]: Les observations d'equinoxes et de solstices dans le chapitre 1 du livre 3 du Com¬ 
mentaire sur I'Almageste par Theon d'Alexandrie. ASSB, ser. 1. 57 (1937) pp. 213-236: 58 (1938) 

pp. 6-26 

[1939]: Le probleme de 1'equation du temps chez Ptolemee. ASSB, ser. I, 59 (1939) pp. 211-224 
[1948]: La prosneuse des eclipses dans i'astronomie ptolemaique. L'Antiquite Classique 17 (1948) 
pp. 509-518 

[1950]: The Calculation of an Eclipse of the Sun according to Theon of Alexandria. Proceedings 
of the International Congress of Mathematicians.Cambridge. Mass., U.S.A.. Aug. 30-Sept. 6. 1950, 
Voi.I. pp. 209-219 

[1953]: Sur I’authenticite du 5' livre du Commentaire de Theon d'Alexandrie sur I'Almageste. 
Academie royale de Belgique, Bulletin de la Classe des Lettres ... 5' Serie, t. 39 (1953) pp. 500-52! 
[1955]: Rapport ... sur ... Joseph Mogenet: L'lntroduction a I'Almageste. Academie royale de 

Belgique. Bulletin de la Classe des Lettres_5' Serie, t. 41 (1955) pp. 138-143 

Rosen. Edward 

TCT: Three Copernican Treatises. 2nd ed.. New York. Dover. 1959 
[1961]: Copernicus and Al-BitrujL Centaurus 7 (1961) pp. 152-156 
Rosen. Frederic: see al-Khwarizmi 

Rosenthal [1956]: Franz Rosenthal. Al-Kindi and Ptolemy. Studi orientalistici in onore di Giorgio 
Levi Della Vida II, Roma (1956) pp. 436-456 
Rossini: see Conti Rossini 

Rossmann. Entwurf: Fritz Rossmann. Nikolaus Kopemik us Erster Entwurf seines Weltsystems 
sowie eine Auseinandersetzung Johannes Keplers mit Aristoteles iiber die Bewegung der Erde. 
Miinchen. Verlag H. Rinn, 1948 
RSC: Rivisla degli Studi Orientali 
Ruska, Julius 

Turba: Turha Philosophorum. ein Beitrag zur Geschichle der Alchemie. Quellen u. Studien zur 
Geschichte der Naturwissenschaften u. d. Medizin 1 (1931) 

[1896]: Das Quadrivium aus Severus BarSakku’s Buch der Dialoge. Thesis Univ. Heidelberg 
(Leipzig 1896) 

Ryl Pap. Ill: C. H. Roberts Catalogue of the Greek and Latin Papyri in the John Rylands Library. 
Manchester Vol. 111. Theological and Literary Texts (Nos. 457-551), Manchester Univ. Press 1938 
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Ryssel [1X93]: V. Ryssel. Die astronomiscben Briefe Georgs des Araberbiscbofs. ZA 8 11893) pp. 
1 -55 

St: see Smith. George 
Sachs. A. 

LBAT: see Pinches-Sachs 

[1948]: A classification of the Babylonian Astronomical Tablets of the Seleucid Period. .ICS 2 
(1948) pp. 271-290 

[1952. 1]: Sirius Dates in Babylonian Astronomical Texts of the Seleucid Period, .ICS 6 11952) 
pp. 105-114 

[1952. 2]: A Late Babylonian Star Catalog. JCS 6 (19521 pp. 146-150 
[1952. 3]: Babylonian Horoscopes. JCS 6 (1952) pp. 49-75 

[1974]: Babylonian Observational Astronomy. Philos. Trans. Royal Soc. London. Ser. A 276 
(1974) pp. 43-50 

[1975]: Rev. of Kudiek-Mickler, Eel, JNES34 (1975) 

Sachs-Neugebauer [1956]: A. Sachs-O. Neugebauer, A Procedure Text concerning Solar and Lunar 
Motion': B.M. 36712. JCS 10(1956) pp. 131-136 

Sacrobosco, Despera: The Sphere of Sacrobosco and Its Commentators, ed. Thorndike. Univ. of 
Chicago Press. 1949 

Saffrey [1954]: H.-D. Saffrey. Le chretien Jean Philopon et la survivance de I'ecote d’Alexandrie au 
VI 1 ' siede. Revue des etudes grecques 67 (1954) pp. 396-410 
Sa’id al-Andalusi: Kitab Tabakat al-Umam (Livre des Categories des Nations). Traduction avec 
Notes ... par Regis Blachere. Paris 1935 ( = Publications de I’lnstitut des Halites Etudes. Maro- 
caines 28) 

Saltzer[ 1970]: Walter Saltzer, Zum Problem der inneren Planeten in der vorptolemiiischen .Theorie. 
Sudhoffs Archiv 54 (1970) pp. 141-172 

Samuel. Alan Edouard :, ;;: 

Chron.: Greek and Roman Chronology. Calendars and Years in Classical Antiquity. Miinchen. 
Beck. 1972 («= Handbuch d. Allerlumstvissenschaft. Abt. 1. Teil 7) 

Piol. Chron.: Ptolemaic Chronology. Munchen. Beck. 1962 (= Miinchener Beitriige zur Papyrus- 
forschung43) 

Santillana [1940]: G. de Santillana. Eudoxus and Plato: A Study in Chronology. Isis 32 (1940) pp. 
248-262 

Sarton. Introd.: GeorgeSurlon. Introduction to the History of Science. 3 vo!s. Carnegie Institution 
of Washington, Publication No. 376(1927. 1931. 1947) 

Saltier. Stud.: Peter Sattler. Studien aus dem Gebiet der Alien Gesehichte. F. Steiner, Wiesbaden. 1962 
Saugel [1967]: Joseph-MarieSauget. Le Calendrier Maronite du manuscrit Vatican Syriaque 313. 

Orientalia Christiana Periodica 33 (1967) pp. 221-293 
Saussure. Astron. chinoise: see Pogo [1932] 

Saxl. Verz.: Fritz Saxl. Verzeichnis astrologischerund mythologischer iilustrierter Handschriften des 
lateinischen Mittektlters in romischen Bibliotheken S.B d. Heidelberger Akad. d. Wiss.. Philos- 
hist. Kl. 1915. Abh. 6. 7 

Sayili, Observ.: Aydin Sayili. The Observatory in Islam and its place in the general history of the ob¬ 
servatory. Ankara 1960 (= Publ. of the Turkish Histor. Soc. Scries VII No. 38) 

S.B.: Sitzungsberichte 

Scaiiger, De emend. Temp.: Josephus Scaligcr. Opus de emendatione temporum. Geneva 1629 [Earlier 
edition. 1583. not quoted here] 

Schaumberger. Johann 

Erg.: 3. Ergiinzungsheft (to Kugler. Sternk ). Munster. Aschendorff. 1935 
[1933]: see Kugler-Schauniberger [1933] 

Scheibel. Math. Bucherkenntnis: Johann Ephraim Scheibel. Einleitung zur mathematischen Biieher- 
kenntnis. At least 20 "Theile,” Breslau 1769-1798(7) 

Scherer. Gestirnn.: Anton Scherer. Gestirnnamen bei den indogermanischen Volkern. Heidelberg. 

C. Winter. 1953 
Schiaparelli. Giovanni V. 

Scritti: Scritti sulia storia della astronomia arnica. 3 vols Bologna. Zanichelli. 1925-1927 
[1876]: Die Vorltiufer des Copernicus im Alterthuni (German trsl. by M.Curtzel. Altpreussische 
Monatsschrift 13 (1S76) pp. 1-46. 97-128. 193-221. [Original version: Scritti! pp. 361-45S] 
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Schiaparelli (continued) 

[1877]: Die homocentrischen Sphiiren des Eudoxus, des Kallippus und des Aristoteles. Memoire 
gelesen im lombardischen Institut zu Mailand am 26. November 1874. (German trsl. by W. Horn.) 
Abhandlungen zur Geschichte der Mathematik 1 (1S77) = Zeitschrift fur Mathematik und Physik. 
Supplement zur historisch-literarischen Abtheilung d. 22 Jahrg. (1877) pp. 101-198. [Original 
version: Scritti II pp. 3-112] 

Schissel, Otmar 

[1934]: Note sur un Catalocus Codieum Chronologorum Graecorum. Bvzantion9 (1934) pp. 
269-295 

[1936]: Antike Stundentafeln. Hermes 71 (1936) pp. 104-117 
Schjellerup [1881]: H. C. F. C. Schjellerup, Recherches sur I'astronomie des anciens. 1. Sur le Chrono- 
melre Celeste d'Hipparque, Urania 1 (1881) pp. 25-39. II, On the Total Solar Eclipses Observed 
in China in the Years B.C.70S. B.C.600. and B.C. 548, Urania 1 (1881) pp. 42-47. III. Sur les 
Conjonctions d'Etoiles avec la Lune rapportees par Plolemee. Copernicus 1 (1881) pp. 223-236 
[The title Urania was changed to Copernicus beginning with the issue No. 7, July 1881] 
Schlachter. Globus: Alois Schlachter. Der Globus, seine Entstehung und Verwendung in der Antike. 
Stoicheia 8 (1927) 

Schmidt- Instrum.: Fritz Schmidt Geschichte der geodiitischen Instrumente und Verfahren im Alter- 
tunr und Mittelaller Neustadl 1935 (Veroffentlichungen der PHilzischen Gesellschaft zur Forderung 
der Wissenschaften 24) 

Schmidt. Olaf 

[1937]: Bestemmelsen af Epoken for Maanens Middelbevaegelse i Bredde hos Hipparch og 
Ptolemaeus. Matematisk Tidsskrift B (1937) pp. 27-32 

[1949]: Some critical remarks about Autolycus' On Risings and Settings. Den 11. skandinaviskc 
matematikerkongress i Trondheim 22-25 August 1949. pp, 202-209 
[1952]: On the computation of the Ahargana. Centaurus 2 (1952) pp. 140-180 
[1955]. Om den piolemaeiske iaeresetning og Menelaos saetning. Nordisk Matematisk Tidsskrift 3 
(19551pp. 81-95 
Schnabel. Paul 

Ber.: Berossos und die babylonisch-hellenistische Literatur. Leipzig. Teubner. 1923 

T. u. K.: Texte und Karten des Ptolemiius. Qucllcn u. Forschungen zur Geschiclue der Geographic 

u. Volkerkunde2 (1939) 

[1924]: Neue babylonische Planetemafeln. ZA 35 (1924) pp. 99-112 
[1927]: Kidenas. Hipparch und die Entdeckung der Priicession. ZA 37 (1927) pp. 1-60 
[1930]: Die Entstehungsgeschichte des kartographischen Erdbildes des Klaudios Ptolemaios. 
S.B. d. Preussischen Akademie der Wissenschaften, phil.-hist Klasse 1930 XIV. pp. 214-250 
Schoch. Karl 

Ammiz.: see Langdon-Fotheringham-Schoch 

Planetentafeln: Planelen-Tafeln fUr jedermann. Linscr Verlag. Berlin-Pankow, 1927 
Schriften: Neudruck der im Selbstverlag von C. Schocht erschienenen Schriften. Die Vcrbesserten 
Syzygientafeln von C. Schoch. Von P. V. Neugebauer. Astronomische Abhandlungen. Ergiinzungs- 
hefte zu den Astronomischen Nachrichten. Bd. 8, Nr. 2 (1930) 

Schone. Damianos: Richard Schone. Damianos Schrift iibeT Optik. mit Ausziigen aus Geminos. 
Berlin 1897 

Schott, Aratos: Albert Schott Aratos. Sternbilder und Wetterzeichen. mit Anmerkungen von Robert 
Boker. Miinchen 1958 (Das Wort der Antike. vol. 6) 

Schott-Schaumberger [1941]:AIbert Schott-Joh. Schaumberger, Vier Briefe Mar-Istars an Asarhaddon 
iiber Himmelserscheinungen der Jahre —670/668. ZA 47 (= N.F. 13) (1941) pp. 89-129 
Schoy, Carl 

Al-Bir.: Die trigonometrischen Lehren des ... AI-Biruni. Lafaire. Hannover, 1927 
[1915]: Mittagslinie und Qibla. Zeitschr. d. Gesellschaft f. Erdkunde zu Berlin 1915. pp. 558-576 
[1922]: Abhandlung iiber die Ziehung der Mittagslinie. dem Buche iiber das Analemma entnom- 
mea samt dem Beweis dazu von Abu Sa'id ad-Darir. Annalen der Hydrographie und maritimen 
Meteorologie 50 (1922) pp. 265-271 

[1927]: 'Ali ibn ‘Isa, Das Astrolab und sein Gebruuch. Isis 9 (1927) pp. 239-254 
Schram. Robert 

Tafeln: Kalendariographische und chronologische Tafeln. Leipzig, Hinrichs. 1908 
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[1881]: [R.] Sch[ram] (Review of Newcomb [1879]). Vierteljahrschrili der astronomischen 
Gesellschaft 16 (1881) pp. 181-190 

Schramm. Haytham: Matthias Schramm, Ibn al-Haylhams Weg zur Physik. Wiesbaden. Steiner, 1963 
Schroeter, Kanon: .1. Fr. Schroetcr. Spezieller Kanon der zentralen Sonnen- und Mondfinsternisse. 

welche innerhalb des Zeitraums von 600 bis 1S00 n. Chr. in Europa sichtbar waren. Kristiania 1923 
Sec [1927]: T. J. J. See. Historical Researches Indicating a Change in the Color of Sirius. Between the 
Epochs of Ptolemy. 138. and of A1 Sufi, 980, A.D. AN 229 (1927) col. 245-272 
Seneca. Quaest. nat.: Sencquc. Questions naturelles. Texte etabli et traduit par Paul Oitramare. 2 vols, 
2nd ed„ Coll. Bude, Paris 1961 

Sengupta [1921]: P. C. Sengupta. Aryabhata's Method of Determining the Mean Motions ofPlanets. 

Bulletin of the Calcutta Mathematical Society 12 (1920-21) pp. 183-188 
Sengupta: see also Brahmagupta 

Servius. Comm, in Verg. Georg.: Servii Grammatici qui feruntur in Vergilii Bucolica et Georgica 
Commentarii. ed. G.Thilo. Leipzig. Teubner. 1887 

Sethe. Zeitr.: K. Sethe. Die Zeitrechnung der alten Aegypter im Verhiiltnis zu der der andem Volker. 
Nachrichten d. K. Gesellsch. d. Wissenschaften zu Gottingen. Philol.-histor. Kl. 1919. pp. 2S7-320: 
1920. pp. 28-141 

Selton [1956]: Kenneth M. Setton. The Byzantine Background to the Italian Renaissance. Proceedings 
of the American Philosophical Society 100 (1956) pp. 1-76 
Sevcenko, Metoch.: Ihor §ev£enko. Etudes sur la polemique entre Theodore Metochite et Nicephore 
Choumnos. Corpus Bruxcllense Historiae Byzanlinae, Subsidia 3, Bruxelles 1962 
Severus Sebokt: see Nau, Sev. Sab. , &r- 

Sezgin. GAS: Fuat Sezgin. Geschichte des arabischen Schrifttums. Leiden. Brill. I: 1967 , i W . 

SH: Shemtob (collection of cuneiform texts in the British Mus.) 

Shukla [1954]: Kripa Shankar Shukla.On three stanzas from the Punca-Siddhiintika. Ganita 5 (1954) 
pp. 129—136 

Simplicius. Comm, in Arist. De caelo: Simplicii in Aristotelis De caelo Commenlaria ed. J. L. Heiberg = 
Commentaria in Aristotelem Graeca. vol. VII. Berlin. Rcimer. 1894 
Sivaramamurti [1950]: C. Sivaramamurti. Geographical and chronological factors in Indian Jconog- 
raphy. Ancient India 6 (1950) pp. 21-63 

Sivin [1969]: N, Sivin, Cosmos and Computation in Early Chinese Mathematical Astronomy. T'oung 
Pao 55 (1969) pp. 1-73 
Skcat, Chaucer Astrol.: see Chaucer. Astrol. 

SkeaL Ptolemies: Theodore Cressy SkeaL The Reigns of the Ptolemies. Miinchener Beitriige zur 
Papyrusforschung und antiken Rechtsgeschichte 39 (1954) 

Smart, Spher. Astr.: W. M. Smart. Text-Book on Spherical Astronomy. Cambridge Univ. Press 1936 
Sobhy C1942]/[1943]: Georgy Sobhy Bey, The Coptic Calendrical Computation and the System of 
Epacts known as “The Epact Computation" ascribed to Abba Demetrius the Xllth Patriarch or 
Alexandria. Bulletin de la Societe d’Areheologie CopteS (1942) pp. 169-199. 9 (1943) pp.237-252 
Solon [1970]: Peter Solon. The Six Wings of Immanuel BonHls and Michael Chrysokokkes. Centaurus 
15 (1970) pp. 1-20 

Sommervogel. Bibl.: Carlos Sommervogel. S. J.. Bibliotheque de la Compagnie de Jesus. Nouvellc 
edition. Bruxelles-Paris. 9 vols. 1890-189S (with supplements to 1930) 

Souciet Etienne.S.J. [1671-1744]: Observations mathematiques. astronomiques. geographiques. 
chronologiques. et physiques, tirees des anciens livres chinois. ou faites nouvellement aux Indes et 
a la Chine, Par les Peres de la Compagnie de Jesus. Redigees et publiees Par le P. E. Souciet de la 

meme Compagnie. A Paris, Chez Roilin Libraire. 1729... [296 pp.] [p.6-11]: Remarques sur 

I’astronomie des Indiens en general. 

Tome II. Contcnant une Histoire de I'Astronomie Chinoise. avec des Dissertations. Par le 

P. Gaubil, de la meme Compagnie. A Paris. Chez Roilin Libraire. 1732... [178 pp.] 

Tome III. Contcnant un Traite de I'Astronomie Chinoise. Par le P. Gaubil. de la meme Compagnie. 
A Paris. Chez Roilin Pere... 1732... [374 pp] 

Sp: Spartali (collection of cuneiform texLs in the Brit. Mus.) 

S.S.: see Surya Siddhanta 
Stahl. William Harris 

Macrob.: see Macrobius, Comm. 

Ptol. Geogr.: Ptolemy's Geography. A Select Bibliography. New York Public Library. 1953 
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Stahl (continued) 

Roman Sci.: Roman Science. Origins. Development- and Influence to the Later Middle Ages. 
Univ. of Wisconsin Press, Madison. 1962 

[1959]: Dominant Traditions in Early Medieval Latin Science. Isis 50 (1959) pp. 95-124 
[1965]: To a better understanding of Martianus Capella. Speculum 40 (1965) pp. 102-115 
Stegemann. Viktor 

Cusanus: Schriften des Nikolaus von Cues. Die Kalenderverbessung. De correctionc calendarii. 
Lateinisch und Deutsch von Viktor Stegemann. Heidelberg 1955 

[1935]: Uber Astronomisches in den Koptischen Zaubertexten. Orientalia N.S. 4 (1935) pp. 391-410 
Sieinschneider, Moritz 

Arab. Obers. a.d. Griech.: Die arabischen Obersetzungen aus dem Griechischen. From articles 
published between 1S89 and 1896. reprinted Graz. I960 

Europ. Obers. a. d. Arab.: Die europaischen Ubersetzungen aus dem Arabischen bis Mitte des 
17. Jahrhunderts. S.B. Akad. Wien 1904, 1905; reprinted Graz 1956 

Hebr. Obers.: Die hebraeischen Ubersetzungen des Mittelalters und die Juden a Is Dolmetscher. 
Berlin 1893: reprinted Graz 1956 

[1865]: Die “mittleren" Bucher der Araber und ihre Bearbeiter. Zeitschrift fiir Mathematik und 
Physik 10 (1865) pp. 456-498 

[ 1S70]: Zur Geschichte der Uebersetzungen aus dem Indischen in’s Arabischc und ihres Ein- 
(lusses auf die arabische Literatur. ZDMG 24 (18701 pp. 325-392 
Stern. Cal.: Henri Stern. Le Calendrier de 354. Institut Francais d’Archeologie de Beyrouth. 

Bibliotheque Archeologique et Historique 55. Paris 1953 
Stevenson. Geogr. of Ptol.: Edward Luther Stevenson. Geography of Claudius Ptolemy, translated 
into English ... based upon Greek and Latin manuscripts Including reproductions of the maps 
from the Ebner manuscript, ca. 1460. New York Public Library. 1932 
Strabo. Geogr.: The Geography of Strabo 

Greek text and English irsi.: Horace Leonard Jones. The Geography of Strabo. 8 vols. Loeb 
Classical Library. 1917-1932 

Greek text and French trsl.: Germaine Aujac (et a!.). Strabon. Geographic. Coll. Budc. 1969fT. 
Greek text of Books I and II and German intro, see Aly. Strabo (1957. 1968) 

Streit, Bib!, Miss.: Rob. Streit. O.M.I.. Bibliotheca Missionum. VerolTentlichungen des Inlernalionalen 
Instituts fiir missionswissenschaftliche Forschung. 5 vols Munster 1916-1929 
Struve. Mens, microm.: F. G. W. Struve, Stellarum duplicium el multiplicium mensurae micro- 
metricae ... annis a 1824 ad 1837 ... Petropoli 1837 
Stumpff. Himmelsmech.: Karl Stumpff. Himmelsmechanik. Bd. I. Das Zweikorperproblem und die 
Methoden der Bahnbestimmung der Pluneten und Kometen. Berlin 1959 
Suidas: Suidae Lexicon, ed. Ada Adler, 5 vols. Leipzig. Teubner, 1928-1938 
Surya-Siddhanta: Translation of the Surya-Siddhanta by Ebenezer Burgess reprinted from the 
edition of 1860. Ed. by Phanindratal Gangooli. with Introd. by Prabodhchandra Sengupta. Univ. 
of Calcutta 1935 

Susemihl. Griech. Litt.: Franz Susemihl, Geschichte der griechischen Litteratur in der Alexandriner- 
zcil. 2 vols. Leipzig. 1891. 1892 
Suter, Heinrich 

MAA: Die Mathcmatiker und Astronomen der Araber und ihre Werke. Abh. z. Geschichte d. 
mathematischen Wissenschaflen 10. Leipzig. Teubner. 1900 . 

Nachtr.: Nachlrlige und Berichtigungen. Abh. z. Geschichte d. mathem. Wissensch. 14 (1902) 
pp. 157-185 (see also Renaud [1932]) 

[1910]: Das Buch der Aufhndung der Sehnen im Kreise xon Abu'l-Raihan Muh. el-BIruni. Bibl. 
Math., ser. 3, vol. 11 (1910) pp. 11-78 

[1922]: Beitragezur Geschichte der Mathematik bei den Griechen und Arabern. Abhandlungen zur 
Geschichte der Naturwissenschaften und der Medizin 4 (1922) 

Suter: see also al-Khwarizml, Tafeln 
Swerdlow, Noel 

[1969]: Hipparchus on the Distance of the Sun. Centaurus 14 (1969) pp. 287-305 

[1973]: The Derivation and First Draft of Copernicus's Planetary Theory: A Translation of the 

Commentariolus with Commentary. Proc. Amer. Philos. Soc. 1 17 (1973) pp, 423-512 
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Synccllus. Chronogr.: Georgius Syncellus et Nicephorus Cp.. rec. W. Dindorf. 2 vols. Bonn 1829 
(Corpus Scriptorum Hisloriae Byzantinae). Vo). 1: Chronographiae ab Adamo usque ad Di- 
odetianum. auctore Georgio Monacho. Tarasii Patriarchae Constantinopolitani quondam 
Syncello. concinnc digesta collectio 

Synesius. ed. Terzaghi: Synesii Cvrenensis opuscula. Nicolaus Terzaghi recensuit. 2 vols. Roma 1939. 

1949 (Scriptores graeci el lalini consilio Academiae Lynceorum editi) 

Synesius. OEuvres: OEuvres de Synesius. eveque de Ptolemais dans la Cyrenaique en commencement 
du V' siecle. traduites... en franfais... par H Druon. Paris. Hachetle. 1878 
Synesius: see also Fitzgerald: see also Terzttghi 
Tannery. Paul 

AA: Recherches sur I'histoire de rastronomie ancienne. Paris. Gauthier-Villars, 1893 
Mem. Sci.: Memoires Scientifiques. 17 vols. Paris. Gauthier-Villars. 1912-1930 
Taton. Hist gen. II: Rene Taton. Histoire generale des sciences, publiee sous la direction de Rene 
Talon. Tome II. La science moderne (dc 1450 a 1S00). Paris. 195S 
Terzaghi. Syn. II: Nicolaus Terzaghi. Synesii Cvrenensis Hymni et Opuscula II. Roma 1944 (Scriptores 
Graeci et Latini consilio Academiae Lynceorum editi) 

Thabit b. Qurra: Francis .1. Carmody, The Astronomical Works of Thabit b. Qurra, Berkeley. 
University of California Press. 1960 

Thaer [1950]: C. Thaer. Eine spharische Cosinusaufgabe bei Ptolemiius. Der Mathematischc und 
Natdrwisscnschaftliche Unterriclit 3 (1950/51) pp. 78-80 
Thalamas, Erat.: A. Thalamas. La geographic d'Eratosthene. Versailles 1921 
Theodores Metochites: see SevJenko 
Theodosius 

Habit.: Theodosii. De habitationibus liber. De dicbus et noctibus libri duo. ed. Rudolf Fecht 
Abh. Ges. Wiss. Gottingen. Philo!.-hist. K!.. N.F. 19,4 (1927) 

Splitter.: Theodosius Tripolites. Sphuerica. c-u. 3. L, Heiberg. Abh. Ges. Wiss. Gottingen. Philo!.- 
hist. KL N.F. 19.3 (1927) 

French trsl.: Les spheriques de Theodose de Tripoli. Trad Paul Ver Eecke, Bruges 1927^- 
German trsl.: Theodosios von Tripolis. Sphiirik in drei Biichern Ubers. von Arthur Czivalina. 
Leipzig 1931 (Oslwalds Klassiker Nr. 232. pp. 77-179) 

Theon (Alexandrinus) ' ' 

Commentary to Aim. see Rome. CA 
Commentary to H.T. see Halma. HT: see Tihon. CTF 
Theon Smyrn. 

Dupuis: Theon de Smyrnc. philosophe platonicien. Exposition des connaissances mathematiques 
utiles pour la lecture de Platon. (Greek text and French trsl. by) J. Dupuis. Paris 1892 
Martin: Theonis Smyrnaei platonici Liber dc Astronomia cum Sereni fragmenlo. Accedunt ... 
Georgii Pachymeris c libro astronomico delecta fragmenta ... Chalcidii locus ex Adrasto vcl 
Theone expressus. (Greek text and Latin trsl. by) Th.H. Martin. Paris 1849 

Theonis Smyrnaei phiiosophi platonici expositio rerum mathematicarum ad legendum Platoncm 
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Bamberg (1947). pp. 9-21 
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§ 3. Notations and Symbols 


I have tried, by and large, to maintain some uniformity of notation in formulae 
and diagrams. Nevertheless the number of required letters is so great that ambi¬ 
guities are unavoidable. Even in the same area of investigation, e.g. lunar theory, 
notations cannot be kept unchanged regardless of the fundamental differences in 
approach within different historical periods. It would have also been impossible 
to apply the fairly standardized modern terminology to historical discussions 
since, e.g., planetary theory based on Keplerian models has eliminated the basic 
concepts of the Ptolemaic model. I could only try to adopt in each section a 
notation reasonably near to modern usage by avoiding rigid principles for mere 
consistency's sake. 


1. Calendar, Chronology 


A.E. Arsacid era 
A.H. years of the Hijra 
S.E. Seleucid era 
S.E. Saka era 

vv day of the week: n = 1 Sunday 
e epact 


2. Spherical Astronomy 


a right ascension. a:' = 90-fa “normed” right ascension 

5 declination 

e obliquity of ecliptic 

i] ortive amplitude 

i orbital inclination toward ecliptic 

/, P ecliptic coordinates (cf. also next section) 

m, b polar longitude/latitude ( mediatio , basis laritiulmis) 

v angle between ecliptic and horizon 

n ascensional difference 

p oblique ascension 

(Tj, a 2 ,..., a l2 rising times of zodiacal signs for sphaera recta 
tj, t 2 , ...,t 12 rising times of zodiacal signs for sphaera obliqua 
t hour angle 

<p geographical latitude. q> = 90— cp colatitude 

g length of gnomon 
h altitude, /; = 90 — h zenith distance 
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p. p .. p p parallax and its components 
p 0 horizontal parallax 

p. p’ 0 . etc. lunar — solar parallax (“adjusted” parallax) 

H rising point of the ecliptic, ascendant, horoscope 
A setting point of the ecliptic 

M culminating point of the ecliptic, M = M + 180 “lower midheaven” 

C culminating point of the equator 

V or G highest point of the ecliptic, H + 90°, “nonagesimal” 

Z zenith 

r., r Q . u (or s) apparent semi-diameters of moon, sun, and earth’s shadow 
r c . d c : r m . : p , ; r u . d u actual radii and diameters of earth, moon, sun, and 

shadow. 


zodiacal signs: 

T Aries @ Cancer 

Y Taurus cf? Leo 

JL Gemini tip Virgo 


Libra 
m Scorpio 
V Sagittarius 


"Z Capricorn 
~ Aquarius 
K Pisces 


3. Lunar and Planetary Motion 


mean motions, mean longitudes, etc. 
a epicyclic anomaly 
[] geocentric latitude 
>1 elongation from the sun 
i inclination of orbit toward the ecliptic 
k — / — /. A “normed" longitude, i.e. eccentric anomaly (atripov) 
a geocentric longitude; / = 0° vernal point ( = T0°): /. a longitude of apogee 
oj argument of latitude, counted from ascending nQde; a»' = aj-90° “normed” 
argument of latitude, counted from /J max of orbit (“northern limiting point") 

c equation of center; cf. also 0 

e eccentricity (with respect to the center M of the deferent) 

0 epicyclic equation 
/ inclination of orbit toward the ecliptic 
/ heliocentric longitude 
r radius of epicycle, R radius of deferent 

A apogee, or aphelium 
E equant 

M midpoint of deferent 
O observer (earth) 

P.orS planet, also sun or moon 



1206 


VID4. Greek Glossary 


planetary symbols: 

O sun t? Saturn 9 Venus 

d moon 2[. Jupiter 5 Mercury 

d Mars 


4. Planetary and Fixed Star Phases 


y arcus visionis 


Outer Planets (b % d): Inner Planets (9 9): 


r first appearance F 

<P first station <t> 

0 opposition I 

IP second station E 

Q last appearance *P 

C conjunction Q 

C, 


C s 


first appearance j 

max. elongation | as morning star 
last appearance J 
first appearance j 

max. elongation i as evening star 
last appearance J 
inferior conjunction 
superior conjunction 


Fixed Stars: 

r heliacal rising 
<9, last evening rising 
& 2 last morning setting 
Q acronychal setting 


§ 4. Greek Glossary 

For Latin words see the Subject Index (VI D I) 


s see (inti a 2 

sSisifitjoz 1054 n. 25 

shbns Kjtvovu 789 n. I; n. 2: n. 5 

iKpiflijz 62 

ivd 795 n. 5 

ivi/Ljtote 672 

iri/. 839 n. 2 

it' 2 to/.ij, !h:pm) and ln>ipt.pm) 295 n. 25 

Jvcjio- 954 n. 24 

iniaKix see antiscia (p. 1134) 

5viu3ev 758 

hxbrcfioz 591 n. 16; 758 n. 1 
sr./.ibz 62 
inoduKvvpi 697 
snotniaiz 230 n. 1 


isoipiiuo 697 
ipiUpoi 301; 302 n. 8 
<5i' if)i,9ft(bv 771 
up 105S 
itpxvijZ 1054 

iipin/z see rbrto; iipexiKoz 
icrr/zo/.i/fov, trtcpcdv 1037 n. 5 
iGipovopovpz-YOZ 769 n. 16 
iou/ntnuroi 758 n. I 

see p. 1161 s.v. “steps" 
ISiSo; 802 n. 4; 933; 945 
KITS flxtlo- -Jpld(KI)lsi 699 

yuoypxipiKi) vijv'iyi/a iy 934 
y pip )ixxx 876 
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ypyppil 302 n. 8 

dia 7u>' 771 

ypyppiKiuzipov 772 n. I 

daKHv.oi 59 If.; 658 

( i? iptUptav see xpiilpo't 

on. net' ypxppibv see ypxppi) 

Oiyipi-xb; 1054 n. 25 
drj.nxy.aiz 230 n. 1: 1003 n. 11 
6iSyai<y/.iy iox pompixi) 1044 
dit:5odoi 699 
dpbfiuz 92 

dvaiz 738 n. 2; 740; 791 

r/K/.t/ta 334 n. 4; 582 n. 14: 725 
Zyiz/.iaiz 209; 214 

u-.bi.niz uoy mvj.ixtnv rijc oh-ioupivijz 835; 939 

i.Kxiiftbpioi 670 

i/.Kxri ) 10 

i:/./.))viKo\ 691 n. 14 

Ipfib/.ipo; 966 n. 19 

izx/./.y.yi), iiy./.j.iaar.iv 759 n. I 

ixzhnj.iooii 871 

inxnzfi 966 n. 19; 1047 

i.ni.mj 591 n. 16 

erri/.cit/'i; 1003 n. 11 

lnioilfixivu 929; 999 n. 27 

fairnifixoixi 617 n. 8 

Iniipiivo; 241: 758 n. 2; 807 

v-xiZvjvoz 691 n. 14 

l.nnipioz 807 n. 19 

lit)] hraippuyiihj 605 

ir)dlOY 582 

I'lpm'i/iov .see nip/vz 

iiuo; (see also: Thius) S34; 1039 
Hutb r.vixiabz 618 
Unpivi) ivyw/.i) 295 n. 25 

11 »•;) 295 n. 25 

Kareva (for Hand) Tables) 838 n. 6 

Kittyv FITo/.npyiov 1044 n. 15 

Kxpnb; 897 

Kiri tnTuyiiv 75 I n. 28 

Kiri/latr/c 672 n. 31 

KXTwn.pu: 758 n. I 

Kii/ia 725 n. 3;n. 5 

Kanpixij xr.oKjzioxjaiz 606: 618 

xbapoz 646 

KpxGK 954 n. 25 

i.{>ihfiTi) ctpxlpy 581 

K/iui/tiv ayciv 751 n. 2S: 763 n. 14 

Kt'K i.iaKoi 587 n. 2 

Kir'/.oz. abbreviated O 699 n. 8 

xmiKoz 618 


/.xpizpa; 291 n. 3; 891 n. 10 
j.oyiapiiz 1035 n. 17 
j.ozurdpuz 844 n. 7 
/.ozna'n 876 
/.uzwai: 209; 214; 876 

pxUijpxuKi'i ourrxciz 836; 838 n.6 

pcyi/.i] ain-zyci; 837 

pi.yyz ypomz 618 

pr.ytazu 8; 837 n. 1 

pryiaxi) auvxxziz 836 

Mc/.icx 10 

pif«i 

I/GO of circumference 583; 733 n. 4 
1/48 of circumference 652; 671 
pt.Txlh.ciz xav lh:ujp>)py.xoz 874 
paxuUijpi 874 
pr.Ti.vjpj 951 n.6 
pijxiKoz 321 n. 3 
pijxoz 933 

Kara pTlKoc CwSlxxoi 699 
pin ixln: hiiK/.oz 844 n. 10 
pixpiiz iaxpovopoufiv.vof 768 it. 12 
pulpy 590 n. 2 

polpx a (see also: p. 1165 s.v. zero) 279 

\vxu:ptvin- rjpuGKOTu'iuv 874 n. 9 

' Oup t) 6 n. 6 
bptnoz 755 n. 3 
bpyy.nn 872 

bpyyvnv ibpuxrKontov S74 n. 9 
oplhaaiz zp; fpii.px; 61 n. 2 
opiy 690 
"Otpiz 291 
btjiiz 647 n. 7 

nxpxYxzi/.j.ovzx 762 n. 10 
nxpiixiiypx 587 n. 3 
nii/tiz 279 n.J9: n. 20; 591 
One pipi] m)yt:wz 592 
ppmi'i/iov 279 n. 19 
txi'i/uj: ijpiav 591 n. 14 
rap/v; !jjAov 592 
aivac 1036 
n/.xzoz 

declination 933 

latitude: Kiri n/.izuz -fiuniKoi 699 
width 

cosmic 874 

for depth (/la,' ioz) 802 n. 4 
zodiac 5S3 
Tip 1058 

Tzpizmz 1031; 1043: 1025 n. 28 
npuipyuipr.voz 75S n. 2: 807 
TtptiGthtpxipixn; seep. 1158 s.v. prosthaphairesis 
-ponvi.baiz see p. 1158 s.v. prosneusis 
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npn/rifHiz Kaviyv K/.. fix. 1044 n. 15 
nptbzii pulpy 582 

ait.pi.i uipylpy 581 

nzipr.yi puTpyi S06 n. 7 

oztypip circular arc of 1/2° 699: 719 

<rvry\yx::/./.i;i\- 762 n. 10 

ciivi>i:cpuz 811 n. 4 

avniinr.iY 762 n. 10 

avYKyyi^tu 1049 

ci/vTotci: see pylh(pxxtKi) a. 

oipyipx h' pi kvjxi) or nxrpr.i 581 

o/Jjpx 953 

Kxxx n/Jipx t>ii'4odi>i 699 
Ii-jSivi'jr 601 n. 3 

zynr.ivimpr.vuz 807 n. 16 
zynunupy hjiov(ir.Yi(/xxm:iyi»ifi!:vii 1030 n. 20 
zi:/.i:ioz hiyvzuc 606 
Z(u)fiyzy 299 


zoxoz iqiy.ipr.uK6; 898 
iojio^ yipr.i ik/iz 898 
Tfionxi 632 

rac/i/jYv.aia 874 

vt.l(>(U. yi'Apz see r.zij vncp(tr,i3i) 

LnoKifipo- S9S n. 14 

Hi poz lipovphvi\lxztnr.i\ovpi.vt\ 1030 n. 20 

uij/tufiy 671 

if'yircur 1049 
ipiuvij 1031: 1046 

yiji.xi 671 n. 22 

i(iijipoiyi(‘(i'iy ypyppiKcjz i/uHfit/znna; 772 n. I 

eipy 688 n. 8 
vjfiixioi yjiuvui 957 n. 16 
wfioaKaiuituY 874 n. 9 
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Plate VIII 



Plate VIII. Vat.gr. 204, fol. 61 
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